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Carbon Dioxide Emissions from Soil in the Application of 
Conventional and Soil Protection Technologies for Growing 
Wheat on Sloping Arable Land 


Gergana Kuncheva, Petar Dimitrov, Hristo Beloev, Iliana Ivanova 


Abstract: Soil tillage has a great impact on soil CO2 emissions and is one of the main agro-technical 
activities that is thought to reduce organic carbon stocks in the soil. For this reason, much was done to develop 
agricultural practices combining appropriate tillage with the application of organic soil amendments that will 
lead to an increase of organic matter in the soil, to improve plant development and to a reduction in greenhouse 
gas emissions from the agricultural sector. This work examines the results of studies conducted with such 
conventional and soil conservation practices for minimum and unconventional tillage using manure, as 
mulching material, in wheat cultivation, on sloping terrain, and determines their impact on soil carbon flows. 


Keywords: soil water erosion, loss of soil organic matter, minimum soil tillage, surface mulch, vertical 
mulch, soil CO2 emissions, labile soil organic carbon. 


INTRODUCTION 


Climate change is mainly caused by the changing concentration of greenhouse gases in 
the Earth's atmosphere. Concentrations of these gases have increased compared to pre- 
industrial times, especially in recent decades, mainly due to industrialization, agricultural 
production and urbanization [2, 4, 5,11]. 

The agricultural sector is responsible for approximately 10-13% of global 
anthropogenic greenhouse gas emissions. The net CO2 exchange from agricultural soils is 
approximately in equilibrium and has significant mitigation potential for the sequestration of 
atmospheric CO2 [16]. Soil tillage has a major impact on soil COz emissions and is one of the 
main agro-technical activities that is thought to reduce organic carbon stocks in the soil 
[9, 14, 15]. 

Another significant source of greenhouse gases in the agricultural sector is related with 
it productions, and in particular the production of mineral fertilizers. In 2017, 11.6 million 
tons of nitrogen fertilizers were used in EU agriculture [6]. The production of these fertilizers 
is associated with significant greenhouse gas emissions. Therefore, reducing their use by 
substitution with organic residues can contribute to environmental protection. 

Organic fertilizers in the form of composts, manure and cover crops are a source of 
nutrients for the plants, and they also improve soil quality, improve volume and density, 
moisture retention capacity, electrical conductivity, increase soil organic matter, soil 
biological activity [8, 1, 15]. 

Exploring the potential of organic residues and their application to different crop 
technologies can improve soil quality and lead to economic benefits. Although increasing the 
amount of organic amendments leads to higher CO2 emissions, but linear increases in total 
organic carbon are observed (P <0.05). The CO2 flux expresses the amount of carbon lost and 
depends on the applied amounts of organic soil amendments [16]. 

Therefore, the application of organic materials should be made according to the 
available nutrients in the soil and the needs of the plants in order to prevent the application of 
excessive amounts of nutrients leading to unnecessary increases in CO2 emissions. Reduced 
COz2 emissions from soil obtained from low nitrogen organic fertilizers such as organic 
compost indicate that there is less aerobic microbial activity in soil than in cultivated soils 
with high nitrogen content [1]. 

All these studies indicate that it is necessary to develop such agricultural practices that 
combine the appropriate cultivation and application of organic soil amendments, to increase 
of soil organic matter, to improve plant development and to reduction of greenhouse gas 
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emissions from the crop production. 

For the last ten years, the Institute of Soil Science, Agrotechnology and Plant Protection 
"Nikola Pushkarov" - Sofia together with the University of Rousse "Angel Kanchev" have 
been working on this problems and have been developed advanced soil protection 
technologies for minimum and unconventional soil tillage, which have been tested in our 
country and show good results when applied for growing wheat on sloping arable land. They 
were created in relation with the reduction of the impact of water erosion, which is the most 
significant soil degradation process in the Republic of Bulgaria. It affects to about 80% of our 
agricultural land. Another important degradation process that is closely related to water 
erosion and depends on its impact is the loss of soil organic matter. These two processes of 
soil degradation cause considerable damage to our native agriculture [3, 14]. 

The protection of agricultural land from water erosion and the loss of soil organic 
matter can be accomplished with so-called erosion control agro-technology, including various 
soil-protection agro-technical methods and technologies. Such are minimum tillage and 
unconventional tillage such as surface and vertical (intra soil) mulching, using manure as 
mulching material, which can be co-applied, as is the case with advanced soil protection 
technologies. 

The purpose of the present study is to determine influence of applied advanced soil 
protection technology for minimum and unconventional soil tillage with manure application 
as mulching material for growing wheat on sloping terrain, on soil carbon dioxide fluxes. 


MATERIAL AND METHODS 


The study was carried out in the period 2018-2019 yr., in the experimental field of the 
Institute of Soil Science, Agrotechnology and Plant Protection "Nikola Pushkarov" - Sofia, in 
the territory of the village of Trustenik, Ruse region, under non irrigation conditions, on 
middle eroded calcium chernozem on slope with inclination 5° (8.7%). The field of the village 
of Trustenik, Rousse district is located in the northern climatic region of the Danube hilly 
plain and is characterized by a temperate continental climate, with a sharper continence than 
the rest of the country. Autumn and spring are short. Winter is cold, with a minimum amount 
of rainfall and hot summers with a high maximum of rainfall. 

The field experiment with wheat was performed using the block method, in four 
variants, in four replicates. The variants of the experiments are: 

bo variant - wheat plots, grown by conventional technology, applied along the slope - 
control; 

b1 variant - wheat plots, grown by conventional technology, applied across the slope; 

b2 variant - wheat plots, grown by soil protection technology including the erosion 
control measure - surface mulching with manure, applied across the slope. 

b3 variant - wheat plots, grown under advanced soil protection technology including 
erosion control measures vertically mulching with manure and direct sowing, as well as some 
plant protection operations for weed control, pests and plant diseases, all applied across the 
slope. 

During the study period, annually, all technological operations performed in variants bo 
and bi are conventional and identical, with the difference between them being only in the 
direction of their implementation. In the control they are made along the slope, and in variant 
b; in the transverse direction. In the same direction, the operations of variant b2 were carried 
out pre-sowing anti-erosion method surface mulching with manure (4500-5000 kg / ha) was 
carried out, using the fertilizer trailer 1PTU-6 for this purpose. 

In the last b3 variant, pre-sowing, transversely on the slope, was carried out vertical 
(internal soil) mulching with manure, as mulching material, according to a tape scheme 
(distance between slots 1.4 m and interval between the strips in the field 3 m) at a depth of 0, 
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AO m with the help of the reconstructed pruner SHN - 2 - 140 with a mulch. 

During the experiment, erosion studies of the applied technologies were carried out, as 
well as carbon emissions were measured every month during the growing season, as well as 
the content of labile carbon (oxidisable by potassium permanganate) [18], soil moisture 
content was determined in the 0-10 cm layer and soil electrical conductivity. 


RESULTS AND DISCUSSION 


Climate observations, soil moisture, and carbon dioxide emissions over the study period 
are shown in Fig. 1, Fig. 2 and Fig. 3. 

Fig. 1 shows the average day-and-night temperatures as well as the sum of the 
precipitation for ten days periods. They show that March 2018 is very cold, with average 
temperatures in the first and third ten days of the month between 2° and 4° C, while April in 
the same year has average daily temperatures between 15° and 20° C. Unlike in 2018, in 
March and March 2019 average daily temperatures are 10 degrees Celsius, rising to 15°, only 
in the third ten days of April. 


25 2018y- 100 
20 80 
o Sor ——————_F5 - 60 
“10 - 40 
5 3 rm 
O |} : -O =—¢Cc 
l ll lll I ll ill I ll ll 1 ll il | ll lil 
— 2 per. Mov. 
march april may june july Avg. (mm) 


— 2 per. Mov. 
march april may june july Avg. (mm) 


Fig. 1 Climatic characteristics of the biennium (2018 - 2019) 


Accordingly, this has resulted in significant CO2 emissions in April 2018y. due to the 
sharp warming and high humidity, while in April 2019y. there were more moderate carbon 
dioxide emissions. There were higher CO2 emissions in June for both years, dropping in late 
July of 2019y, because of low humidity. There was slow rise in temperatures in May, 2019y. 
The temperatures settled at about 15 degrees by the third ten days of May, reflecting a lower 
intensity of soil respiration. 

Soil moisture and soil temperature do not affect carbon emissions as separate factors. 
They have an impact on CO 2 emissions jointly in our experiments. 

COz emissions depend most on applied technologies for cultivation. Generally, during 
the growing season, variant with manure surface application have the highest carbon dioxide 
emissions. In contrast to these variants, the organic carbon incorporated by vertical mulching, 
combined with minimum tillage, results in lower carbon emissions. 
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Fig. 2 Soil moisture content (0-10 cm),% and CO2 emissions, kg / ha day 
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Fig. 3 CO2 emissions, kg / ha day 


In relation with the fluxes of CO2 from the soil, the quantities of labile carbon (Fig. 4) 
and electrical conductivity (Fig. 5) were measured. The results show higher quantities of 
labile carbon, total carbon, and electrical conductivity for surface and vertical manure 
applications. Higher amounts of nutrients are present in the presence of high values of 
electrical conductivity. All this leads to a more intensive separation of CO2 from the soil in 
the variant with manure surface application and conventional treatments, while the minimal 
disturbance of the soil surface and the introduction of organic matter into the slits leads to 
lower emission values than traditional the variants processed. 
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Fig. 5 Electrical conductivity, pS / cm 


The COz2 emissions of b2 variants with conventional tillage and surface mulching are 
highest. Accordingly, in this variants the highest levels of labile organic carbon are also 
observed. In variant with surface mulching in 2018y., CO2 emissions are 83.01 kg/ha day in 
2019y. - 72,93 kg/ha day Emissions of the last variant b3, applying minimum tillage and 
vertical mulching, are significantly lower, with an average of 56,88 kg/ha day and 54 in 
2018y and 2019y respectively, 02 kg/ha day, while in the case of conventional treatments 
applied to the slope of the slope, they are 64,41kg/ha day and 63,69 kg/ha day, which shows 
the effect of minimum treatments on soil emissions, and is an organic substance imported. 
The effect is stronger at the beginning of the growing season and the differences in emissions 
there are much larger. The carbon emissions of the conventional control variant applied along 
the slope are 59.54 kg / ha day and 60.55 kg / ha day. 


CONCLUSION 


From the results obtained in the studies conducted, the following conclusions can be 
made: 

— Carbon dioxide emissions from soil in the present experiments show a dependence on 
climate factors and their combined action, but are most strongly influenced by the applied 
technologies for wheat cultivation on sloping arable land. 

— The highest CO2 emission values as well as the highest quantities of labile carbon are 
observed in the variant grown with surface application of manure. The application of organic 
soil amendments leads to an increase in labile organic matter as well as carbon dioxide 
emissions. 

— Soil COz2 emissions are lower for the minimum tillage with vertical mulching variant, 
and they are 28.88% lower than the surface mulching variant, which means that it is much 
higher of the incorporated organic matter remains in the soil. The carbon emissions in this 
variant are 13.40% on average lower than the variant by applying conventional (traditional) 
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tillage across the slope. Due to compaction and lower humidity, the emissions of the variant 
using conventional technologies along the slope are lower than those using the same 
technology transverse to the slope. 

— Advanced soil protection technology for minimum and unconventional tillage for 
growing wheat on sloping terrains has not only high erosion efficiency but is also a way of 
incorporating organic matter into the soil without observing significant carbon emissions from 
the soil. Minimum operations also contributes to reducing emissions from both the processing 
itself and the use of fossil fuels. 
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Possibilities to Reduce Methane and Hydrogen Sulphide 
Emissions in Pig Farming By Application of Zeolite 


Stefan Bodo, Roman Galik, Katarina Kollarova, Plamen Kangalov 


Abstract: This paper deals with the possibility of using environmentally friendly materials applied to the 
floor in pig housing to reduce the emission of greenhouse gases. We have focused on the possibility of reducing 
the methane (CH4) and hydrogen sulphide (H2S) emissions by application of zeolite. That has been applied at the 
rate of 1.2 kg on the floor. The results show that temperature and relative humidity have an impact on H2S and 
CH, emissions. With zeolite treatment, we obtained a statistically significant difference in H2S emissions 
(P = 0.00 < a = 0.05) and CH4 (P = 0.00 < a = 0.05) between the zeolite-treated and untreated sections. 


Keywords: fattening pigs, greenhouse gases, reduction, zeolite, CH4, H2S 
INTRODUCTION 


Pig housing on farms poses a risky business for the farmer. The risk of swine fever from 
neighbouring countries, low feed-in tariffs, outdated technology and the lack of funds for the 
construction of new farms has resulted in end for many farms. Gas emissions from livestock 
farming result in fees due the production of harmful substances. Around 20-35 % of 
greenhouse gas emissions come from agriculture (IPCC, 2001). The globally, pork production 
is estimated to emitabout 668 million tonnes CO2-eq, representing 9 percent of the livestock 
sector emissions (Food and Agriculture Organization of the United Nations, 2013). The 
methane (CHa) greenhouse gas is involved in global warming and climate change (IPCC, 
2007). Global concentrations of these two gases have increased significantly over the last 150 
years (IPCC, 2001) and are affecting the environment — increased greenhouse gas emissions 
(Zavattaro et al., 2012), as well as animal housing where straw is used as litter (Brown et al., 
2001). The warming potential of nitrous oxide is 290-310 times higher than that of carbon 
dioxide (IPCC, 2007). It can usually be estimated that the carbon dioxide produced by 
livestock is compensated by photosynthesis of plants (Philippe et al., 2011). Carbon dioxide 
emissions differ from the pig rearing, weaning and fattening systems (Dubeniova et al., 2011; 
Dubenova et al., 2013; Philippe et al., 2007a; Philippe et al., 2007b; Cabaraux et al., 2009). 
Manure removal methods affect the production of harmful gases in pig fattening (Mihina et 
al., 2011). The process of releasing greenhouse gases into the atmosphere depends on 
livestock housing, nutrition, manure management, its storage and land application 
(Palkovicova et al., 2009). The number and weight of animals, manure removal method and 
time of its removal, temperature, humidity, pH, litter reaction, C:N ratio and ventilation 
system performance have a significant impact on gas emissions in the farm (Topisirovic et al., 
2010a; Topisirovic et al., 2010b). Many factors have to be considered for a successful 
emission assessment, including the season time and amount of litter, animal density, type of 
floor area, feeding and watering procedures, ventilation, temperature and relative humidity 
(Brouéek 2018; Philippe et al., 2016). Changing manure management from liquid systems to 
solid/liquid separation systems together with mitigation measures could simultaneously 
reduce greenhouse gas emissions (Wang et al., 2017). The emissions of gases from animal 
housing are thus dependent on breeding technology (Cabaraux et al., 2009). However, there is 
also the possibility of reducing greenhouse gas emissions with biological agents (Jelinek et 
al., 2004). As reported by Galajda et al. (2000), the use of zeolite as bio-filter to eliminate 
greenhouse gases and ammonia is suitable. 


MATERIAL AND METHODS 


In the farm, we investigated the possibilities of harmful gases reduction by applying the 
natural raw material zeolite. It is used for cleaning natural and other gases CO2, H2S, SO2, and 
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NH3. The seller recommends dosing by 10 % of the consumed feed. In the housing, pigs were 
fattened in a hall with two sections, each with ten pens. The measurement was realized in 
winter time. The windows were closed as well as all the doors. The air was exchanged 
naturally through the chimney in the roof of the section with a diameter of 500 mm. There 
was one chimney in each section. During feeding and cleaning of the pens, fans were turned 
on to extract the air from the farm. After that, the section was closed and the fans turned off to 
maintain the temperature in. In one part of the section, we applied 150 kg of zeolite over two 
weeks at an average of 1.2 kg per pen and per day. The zeolite was preferably applied to the 
sites from which the excrements were removed. Subsequently, we measured pollutant 
emissions. In the first part of the section, where zeolite was not applied, a total of 72 pigs with 
an average live weight of 85 kg were placed. In the second part of the section, where zeolite 
was applied, there were a total of 89 pigs with an average live weight of 40 kg. During 24 
hours, we monitored the emission of pollutants in the buildings as well as the speed of air 
flow in the exhaust chimney. To measure the H2S and CH, emissions, we used the INNOVA 
1412 gas analyser and the INNOVA 1309 multipoint sampler together with Comet R3120 to 
record the temperature both inside and outside the housing. We used the Almemo 2190-2 
anemometer to measure the air flow rate. The data were processed using the statistical 
program Excel and ANOVA. The level of significance was a = 0.05. 


RESULTS AND DISCUSSION 


We found that the average values of H2S in the untreated and treated sections were 
1587.7 mg'm® and 1241.7 mg‘m®, respectively. This represents a decrease of 21.8 %. The 
measured and calculated values for H2S are shown in Table 1. There was a statistically 
significant difference in H2S emission between the untreated section and the zeolite-treated 
section (P = 0.00 < a = 0.05). 


Table 1 Measured and calculated values for H2S 


Average Pa 
: : : : Emission factor 
Air Pe el ere ee Relative air concentration HS 
Measuring N velociy PP Ps humidity of H2S : : 
(m?-s) agent (°C) (%) (mgm?) (kg H2S-animal 
8 place-year “) 
14.9 61.8 1587.7 
No. 1 139 0.06 untreated 41.9 $5.5 +1651.7 253.1 
: 14.1 63.5 1241.6 
No. 2 139 0.16 zeolite $2.35 46.5 +266.5 223.9 


When comparing the effect of air temperature on H2S emission, we noticed a 
statistically significant difference in the section with and without treatment with zeolite (P = 
0.002 < a = 0.05) resp. (P = 0.00 < a = 0.05). When comparing the effect of relative humidity 
on H2S emission with and without treatment with zeolite, we also noted a statistically 
significant difference (P = 0.00 < a =0.05 resp. P = 0.00 <a = 0.05). 


Table 2 Measured and calculated values for CH 


A Average Pees ission fi 
ie Applied etree cuive a eae eon Ree Ch. 
Measuring | N ae PP temperature ee of CH, CHa (kg CHa 
velocity agent (°C) humidity (mg'm3) -animal place‘year 
(m?s“) (%) “ty 
14.9 61.8 12.4 
No. 1 139 0.06 untreated +19 45.5 46.3 2.0 
z 14.1 63.5 7.1 
No. 2 139 0.16 zeolite $2.35 46.5 42.6 1.3 
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When monitoring the CH, emission, an average value of 12.4 mg-m® was recorded. An 
average of 7.1 mg’m™ was measured with zeolite. This represents a decrease of 42.7 %. The 
measured and calculated values for CH4 are shown in Table 2. 

There is a statistically significant difference in the CH4 emission between the untreated 
section and the zeolite-treated section (P = 0.00 < a = 0.05 and P = 0.029 < a = 0.05). When 
comparing the effect of temperature on the CHa4 concentration with and without treatment 
with zeolite, we observed a statistically significant difference (P = 0.00 < a = 0.05 and P = 
0.00 < a = 0.05). When comparing the effect of relative humidity on CH4 emission without 
and with zeolite treatment, we also noted a statistically significant difference (P = 0.00 <a = 
0.05 and P = 0.00 < a = 0.05). 


-3 

mg.m CHa ----- Untreated 

20 | Zeolite 

18 y = 0.0239x+ 10.723 a 

16 R?= 0.4157 it i 

14 i ee yo 

12 

10 "7 ‘vi 

8 

6 | 

4 y = 0.0213x+ 5.6064 

R? = 0.5795 

0 a ——— ee 7 
Me KMD Nee nND Ne Ke NADH Henan eM 
“SST AAAMNMTTe eset AaAMNTTe sen 
HOSE ON Or OS AS ee See Se eS ee 
SSS NNN AN COC SO cooococ Cn ewe wee ee 

Time 


Fig. 1 Behaviour of CH, emission in the section untreated and treated with zeolite 


When testing the dependence between qualitative characteristics (the effect of 
temperature and relative humidity on H2S and CHg emissions), we observed the mean value 
of the coefficient of determination between temperature and H2S when treated with zeolite 
(R? = 0.47). The determination coefficient R? indicates that the selected regression model 
(linear regression line) explains the variability in this case at 47 %. When testing the 
dependence between qualitative features of zeolite exposure time on CH, emission (Fig. 1), 
the equation is y = 0.0213x + 5.6064. The regression relationship shows that every seven 
minutes the CH, emission increases by 0.0213 mg-m®. The determination coefficient is R* = 
0.579. The results show that temperature and relative humidity have an impact on H2S and 
CH, emissions. In comparison, we noticed a statistically significant difference in H2S and 
CH, emissions in the zeolite-treated section and the untreated section. In this case, we 
observed a reduction in the emission of harmful substances H2S and CHz in the zeolite-treated 
section, as reported by Galajda et al. (2000) versus the untreated section. Our measurements 
show that air temperature and humidity have a large impact on pollutant emissions, as 
reported by Topisirovic et al. (2010a; 2010b). In conclusion, as mentioned by Jelinek et al. 
(2004), the emissions of harmful substances can be reduced by means of biotechnological 
products. 


CONCLUSION 


Our measurements show that one of the possibilities of reducing the emission of 
harmful substances in pig farming is the application of biotechnological products. By zeolite 
application, H2S emissions decreased by 21.8 % and CHg emissions by 42.7 %. There was a 
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statistically significant difference in the emissions of noxious gases between the section 
without zeolite treatment and with zeolite treatment. We can assume that it is possible to 
achieve a reduction in greenhouse gas emissions by the above-mentioned biotechnological 
product and thus to meet the EU requirement for reducing greenhouse gas emissions. It would 
be advisable to repeat the measurement, but on a bigger farm which is engaged in intensive 
rearing of pigs. An important aspect in the use of biotechnological products is the cost and 
carbon footprint of the product, especially for such small farms. 
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A Comparative Study of the Sensitivity of 
Maize Lines to Some Herbicides 


Dimitriya Ilieva 


Abstract: In 2008-2010, on a soil type highly leached chernozem, a field experiment was conducted on 
the effects of herbicides for johnsongrass control rimsulfuron (Titus 25 DF) and nicosulfuron (Mistral 4 Ck), 
administered at an optimal dose, once and twice, within an interval of 14 to 20 days. The sensitivity and yield of 
four maize lines - RM 619, MO 17, 61/31 and 302/12 was tested. The aim of the current experiment is to obtain 
information on the impact of the herbicides rimsulfuron and nicosulfuron on the sensitivity and yield of inbred 
maize lines.The most sensitive to herbicides for johnsongrass control with the highest percentage of perishing 
plants is line RM 619, and the most resistant one is MO 17. The grain yield reported in the test lines treated with 
herbicides for johnsongrass control was lower than the control variants of the relevant genotype. Only MO 17 
and 302/12 lines treated twice with herbicide Titus 25 DF reported yield increase of 7% and 6 % against the 
control group. 


Ke words: maize, inbred, herbicides, rimsulfuron, nicosulfuron, yield 
INTRODUCTION 


Maize belongs to the group of cereal crops grown in Bulgaria. They determine the 
structure of the Bulgarian wholesale agriculture. It is a major crop providing 62,4% of the 
grain used for animal food. 

The biological potential of each plant is not only genetically predetermined but it is 
influenced by the conditions of cultivation (Bazitov, Ret all., 2010; Xpucros u gp. 2010; 
Kynesa u yp. 2014). The elements of high yield and quality of the agricultural crops are a 
complex of interconnected factors such as appropriate crop rotation, soil quality, selection of 
appropriate for the particular agroecological region variety and hybrid, as well as the usage of 
high quality seeds (JlenuOantosa B. u Kon., 2009; Murxos A. u kom., 2009; Mburoza M. u 
kou., 1986). The plant protection activities and fertilization are an integral part of these 
factors, as evidences by a large number of scientific studies (TutaHopa M. u xkom., 2007; 
2010). 

Green and Ulrich (1993), Molnar et al. (2001) and Milivojevic et al. (2003) examine 
more than 100 maize hybrids that showed resistance to rimsulforon, nicosulforon, 
primisulforon and tidensulforon. In maize fields with mixed weeds, both grass-like and 
broadleaf weeds, the highest level of herbicide efficacy has the combined usage of the 
herbicides Titus + Arat Titus + Harmony (Kopmanis and Gaile, 2008 u 2010). 

In their study, Waligora et al. (2008) investigated the herbicides atrazine, 
formasulfuron + iodosulfuron, S-metolachlor, MCPA + dicamba, fluroxypyr + 2.4-D, 
florasulam + 2.4-D, rimsulfuron, bromoxynil, isoxaflutol + flufenacet, petoxamide, and 
flumidioxin cyflidoxidine. The herbicides were applied individually and in combination, 
according to the doses recommended by the manufacturers, in phase 3th- 4th leaf of the crop, 
showing high selectivity, with the exception of the administered rimsulfuron. The highest 
yields (cobs) were obtained from the combination of formasulfuron + iodosulfuron and 
fluroxypyr + 2.4-D, and the lowest yield was reported after the application of the herbicides 
S-metolachlor and MCPA + dicamba. Ivanovic et al. (1998) reported that leaf herbicides 
rimsulfuron, primsulfuron-methyl, prosulfuron + prsulfuron-methyl and nicosulfuron have a 
retardant effect - they increase grain yield but also reduce plant height. However, Stefanovic 
et al. (2001 and 2006) reported an increase in com height under the influence of 
nicolsulfuron, rimsulfuron and primsulfuron-methyl. 
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The aim of the current study is to obtain information on the impact of the johnsongrass 
control herbicides - rimsulfuron and nicosulfuron on the sensitivity and yield of inbred maize 
lines. 


MATERIAL AND METHODS 


In 2008 — 2010, a field experiment on maize was carried out with the perpendicular 
method of Shanin in four replications with a size of the experimental plot of 10 m2 ((Shanin, 
1977) in the experimental field of the Institute of Agriculture and Seed science "Obraztsov 
Chiflik" - Rousse, on a soil type highly leached chernozem, low humus content (1.98%), low 
mineral N content(10.75 mg.1000 g™ soil) and mobile P2Os (6.31 mg.1000 g™ soil) and 
good reserve of K2O (22.50 mg.1000 g"™ soil) in the layer 0 — 40 cm. The sensitivity of four 
inbred maize lines was examined — PM 619 , MO -1 7, 61/31 and 302/12 to the herbicides 
rimsulforon and nicosulforon. The sowing was carried out within the optimal period for the 
region (first 10 days of April) with crop density 5500 plants per da (Popov and Pavlov, 1966). 

The application of the rimsulforon and nicosulforon herbicides was done during 4" - 
5" Jeaf phase with a backpack sprayer and concentration of work solution of 20 |.da-1. It was 
applied in optimal doses, once and twice at intervals of 14 to 20 days (Table 1). The 
experimental field was maintained weed free for the entire maize growing season through two 
inter-row treatments. The maize was grown without inter-row cultivation after a precursor 
wheat. It was fertilized with Nio Ps K8. The fertilizers were applied as follows: phosphorus 
(superphosphate) and potassium (potassium chloride) imported with the main autumn tillage, 
and all the nitrogen fertilizer (ammonium nitrate) before sowing. 


Table 1 Variants of the experiment 


Doses - herbicides, Bacieens 
Variants 4 4 active substance, 
g.da™~ (ml.da™) 4 
g.da 
1 | Control - untreated - - 
2 | Titus 25DF (250 g.kg™rimsulfuron) 3+2 0.75+0.50 
3 | Titus 25DF (250 g.kg'rimsulfuron fs) 1.25 
4 | Mistral 4SK (40 g.1! nicosulfuron) 100+50 4+2 
5 | Mistral 4SK (40 g.1"' nicosulfuron) 150 6 


The following indicators were reported for the realization of the experiment: 

phytotoxicity of the herbicides on the 7-th, 17-th and 30-th day after their application 
(according to logarithmic scale (1-9 points) of EWRS at score 1 - no damage and at score 9 - 
the crop was completely destroyed and seed yield kg.da™. 

Statistical processing of the experimental data was performed using the method of 
disperse analysis of Shanin. 


RESULTS AND DISCUSSION 


The experimental field of the Institute belongs to a region with moderate continental 
climate. For the period of the study (2010-2008), the agrometeorological conditions in terms 
of temperature and precipitation amounts vary by month, both in individual years and in 
comparison with the multiannual averages (climate normals) for the period 1896 - 2005. 

The period 2008 — 2009 was moderately favorable for maize (Figure 1). In 2008, the 
amount of precipitation in April (51.6 mm) and May (58 mm) was close to the climate norm 
(51.1 mm and 66.2 mm). In 2009, the monthly precipitation for the same period was 12.7 mm 
(April) and 29.8 mm (May), which were respectively 25% and 45% below the multi-annual 
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rate (51.1 mm and 66.2 mm). The average monthly air temperature for the period April - 
September ranges from 12.79 to 25.03 °C (for 2008) and from 12.37 to 25.13 °C (for 2009) at 
the multiannual rate of 11.39 to 23, 86 °C. Extremely high temperatures and significant water 
stress did not adversely affect maize development. The soil moisture content was better in 
2010. The precipitation in April (38.4 mm) and May (81.7 mm) created favorable conditions 
for the emergence, growth and development of the maize plants. Precipitation in June (81.5 
mm) was decisive for the yield. In terms of temperature, 2009 (for the entire maize growing 
season) differs in temperatures (589.6 °C) around the norm (572.2°C). In August, higher 
temperatures (25.13 °C) were recorded than the multiyear norm of 23.86 °C, which is a 
characteristic of the global warming observed in recent years. 
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Fig. 1 Average monthly air temperatures and precipitation by month 
for period 2008 - 2010 


On average, for the three-year test period, line RM 619 showed the highest sensitivity, 
where the rate of plant loss reached 46.6% with the use of Mistral 4CK administered twice at 
the optimal dose (Table 2). In the variant with the application of the Titus 25DF herbicide at 
the optimal dose once, the percentage of dead plants was 26.8%, and administered in a 
system, respectively 21.3%. The next most sensitive to johnsongrass control herbicides is line 
61/31, with the highest rate of dead plants of 25.0% reported after a single treatment of Titus 
25 DF at the optimal dose, followed by the single-dose treatment with Mistral 4CK at the 
optimal dose - 20.8%. The third most susceptible line to herbicides is 302/12 line, with a 
mortality rate ranging from 10.9% to 21.3%. 

The highest resistance to the administered johnsongrass control herbicides Titus 25DF 
and Mistral 4CK+, administered in optimal doses, both once and in a system, was observed in 
line MO 17 where the percentage of dead plants varied from 0.4% to 2.3%. 

The disperse analysis shows that there are differences between the compared factors 
(emerged and perished plants) with a difference of the examined factor of 5% and 0,1%. 
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Table 2 Effect of herbicides Titus 25DF and Mistral 4CK on the growth of maize lines 
RM 619, MO 17, 61/31 u 302/12 


Number of Number of 
Variants plants plants % 
emerged perished 
RM 619 
Control - untreated 
Doses - active substance at e ? 
Titus 25DF (250 g.kg‘rimsulfuron) 49 10.4* 213 
Tutyc 25JI® (250 g.kg! pumcymdopou 
Titus EO oe eee ee 28 cca aoe 
Mistral 4CK (40 g.1! nicosulfuron) 48 222% 46.6 
Mistral 4CK (40 g.I"' nicosulfuron) 47 1,.2* 2.5 
MO 17 
Control-untreated 
Doses - active substance as 
Titus 25DF (250 g.kg‘rimsulfuron) 46 0.2* 0.4 
Titus 25DF (250 g.kg“‘rimsulfuron 47 0.5* 1.0 
Mistral 4CK (40 g.I! nicosulfuron) 44 1.0* 2.3 
Mistral 4CK (40 g.1"' nicosulfuron) 46 0.2* 0.5 
61/31 
Control —untreated 
Doses - active substance ee ° 
Titus 25DF (250 g.kgrimsulfuron) 48 Lee 14.6 
Titus 25DF (250 g.kg‘rimsulfuron 48 ]2*** 25.0 
Mistral 4CK (40 g.1"' nicosulfuron) 48 Saas 10.4 
Mistral 4CK (40 g.1! nicosulfuron) 46 LOSE 20.8 
302/12 
Control-untreated 47 0 0 
doses - active substance 
Titus 25DF (250 g.kg“‘rimsulfuron) 46 pee 10.9 
Titus 25DF (250 g.kg‘rimsulfuron 48 Sea 18.8 
Mistral 4CK (40 g.1"! nicosulfuron) 47 Gx** 12.8 
Mistral 4CK (40 g.1' nicosulfuron) 47 10*** 21.3 


Legend: *, **, ***, where GD <5 %; 1% and 0.1%. 


Both herbicides, Titus 25DF and Mistral 4CK, showed no phytotoxicity when used once 
and twice in the optimal dose, based on the phonological observations carried out on 7-th, 17- 
th and 30-th day after the treatment of MO 17 and 302/12 lines (table 3). 

Sensitivity was observed to the used johnsongrass control herbicides Titus 25DF and 
Mistral 4CK in lines RM 619 and 302/12. It was expressed in tumor-like formations (EWRS 
score 3-5) which lead to the suppression of the plants and some of them perished. 
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Table 3 Herbicide selectivity for maize lines RM 619, MO 17, 61/31, 302/12 


: 7 da 17 da 30" da 
Day of report Herbicide y y y 
RM 619 

3+2 g.dat 4 4 3 

Titus 25DF 5 g.dat 5 5 | 

: 100+50 ml.da‘! 5 3 2 

Mistral 4CK 150 ml.da? 3 7 7 
MO 17 

: 342 g.dat 1 1 1 

Titus 25DF 5 gdat 1 1 1 

; 100+50 ml.da! 2 1 1 

Mistral 4CK 150 ml.da! 1 7 7 
61/31 

342 g.dat 4 4 3 

Titus 25DF 5 g.da7 5 5 mi 

100+50 ml.da! 5 3 p2 

Mistral 4CK 150 ml.dat 3 1 1 
302/12 

342 g.dat 1 1 1 

Titus 25DF 5 g.da? 1 1 1 

100+50 ml.da? 2. 1 1 

Mistral 4CK 150 ml.dat 1 1 1 


For the research period the maize realized its productive potential through the grain 
yield to varying degrees under the influence of the studied factors — climate, genotype and 
herbicides. 

The negative influence of herbicides on the number of plants, their growth and 
development had also affected the yield of seeds (table 4). 

On average for the period of research, the highest decrease in yield is reported when the 
herbicides are used twice. The yield in line RM 619 treated with Titus - 3+2 g.da-1 is 25% 
lower than the control crop in comparison with Mistral 4 CK - 100+50 ml.da-1 — 31%. 

The Mistral 4 CK herbicide had a more suppressing effect on the grain yield in 
comparison to Titus 25 DF. On average for the reported period, the yield of RM 619 line 
treated twice with Titus 25 DF was 227 kg.da™', and Mistral 4 CK was 209 kg.da’!. The trend 
is similar in line 61/31, where in the variant treated with Titus 25 DF twice had a decrease in 
the yield of 21 % compared to the control crop. In relation to the yields MO 17 and 302/12 
lines showed better resistance to the double treatment with herbicides in optimal dose. 

There is a similar trend in the single application of the examined herbicides in relation 
to the yield. Lines RM 619 and 61/31 showed higher sensitivity towards the herbicides. 

The proof of difference in the analysis of variance is reported in the following factors: 
genotype and dosa. There are no proven differences in relation to the impact of the examined 
herbicides. 
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Table 4 Grain yields (kg.da-1) of maize inbred lines treated with the herbicides 


Titus 25DF and Mistral 4CK 
Grain yields (kg.da-1) of maize 
Average 
for the 
Variants | Inbred lines Herbicides 2008r. | 2009r. | 2010r. | period 
control RM619 untreated 221 384 311 305 
once R6M19 Titus - 5 g.da! 200 272 155 209 
twice RM619 Titus - 3+2 g.da? 314 222 144 227 
control MO17 untreated 25 208 273 244 
once MO17 Titus - 5 g.da'! 292 239 166 232 
twice MO17 Titus - 3+2 g.da? 368 248 169 262 
control 61/31 untreated 105 427 269 267 
once 61/31 Titus - 5 g.da? 201 336 148 228 
twice 61/31 Titus - 3+2 g.da'! 165 250 221 212 
control 302/12 untreated 88 423 338 283 
once 302/12 Titus - 5 g.da 247 355 228 277 
twice 302/12 Titus - 3+2 g.da? 248 339 311 299 
control RM619 untreated 221 384 311 305 
once RM619 Mistral - 150 ml.da™! 301 367 157 275 
twice RM619 Mistral - 100+50 ml.da™ 200 272 155 209 
control MO17 untreated 251 208 273 244 
once MO17 Mistral - 150 ml.da™ 355 291 88 245 
twice MO17 Mistral - 100+50 ml.da™ 292 239 166 232 
control 61/31 untreated 427 269 267 267 
once 61/31 Mistral - 150 ml.da‘! 127 362 104 198 
twice 61/31 Mistral - 100+50 ml.da™ 48 360 161 190 
control 302/12 untreated 88 423 338 283 
once 302/12 Mistral - 150 ml.da‘! 180 357 136 224 
twice 302/12 Mistral - 100+50 ml.da™ 128 398 258 261 
ANOVA (analysis of variance) 
F- Fisher’s Degree of mistake probability - p 
coefficient freedom 
Dose 7,245 6 30,000 0,000076 
Line 3,056 9 36,657 0,007852 
Herbicides 2,015 3 15,000 0,155103 
CONCLUSIONS 


1. The highest sensitivity to the examined herbicides was reported in line RM 619, 
followed by line 61/31, where the highest percentage of mortality rate of 25% was reported 
when Titus 25 DF was applied in optimal dose once, followed by the variant treated once with 
Mistral 4 CK in optimal does — 20.8%. Third most sensitive one was 302/12 line where the 
percentage of dead plants varies from 10.9 % to 21.3%. 

2. The percentage of mortality rate in MO 17 and 302/12 lines as a result of the applied 
herbicides Titus 25 DF and Mistral 4 CK was lower that the relevant untreated control line. 
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3. Based on the experiment’s results we do not recommend the usage of johnsongrass 
control herbicides in seed production. 

4. The yield of grain in the experimental lines treated with johnsongrass control 
herbicides is lower than the control variant of the relevant genotype. Only MO 17 and 302/12 
lines, treated with Titus 25 DF twice, reported an increase in yield of 7% and 6% against the 
control crop. 
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Soil CO2 Emissions in the Application of 
Conventional and Erosion Control Technologies for 
Growing Maize on Sloping Terrains 


Gergana Kuncheva, Petar Dimitrov, Hristo Beloev, Iliana Ivanova 


Abstract Soil tillage of agricultural lands is a basic practice in agricultural management. Conventional 
soil tillage systems include more tillage operations, including plowing with reversing the layer, which results in 
higher COz2 emissions and also requires higher amounts of fuels. In contrast, soil protective agricultural 
practices have great potential for increasing soil organic carbon and reducing carbon dioxide and other 
greenhouse gas emissions. This work defines the impact of some conventional (traditional) technologies and 
advanced technology for minimum and unconventional tillage for growing grain maize on soil organic matter 
and COz2 emissions. 


Keywords: soil water erosion, loss of soil organic matter, minimum soil tillage, surface mulch, vertical 
mulch, soil CO2 emissions, labile soil organic carbon, maize. 


INTRODUCTION 


Soil contains twice as much carbon as the atmosphere and three times more than 
vegetation [9]. Soil respiration has been found to be 68-80 PgC/yr, which is the world's 
second largest carbon flux between ecosystems and the atmosphere [16, 18]. This amount is 
10 times higher than current carbon emissions from burning fossil fuels. 

For this reason, small changes in soil respiration, covering large areas, can have a 
significant effect on atmospheric CO2 concentrations [19]. 

Therefore, information is needed on soil CO2 emissions and the factors that affect these 
flows, in order to limit organic matter losses in ecosystems and to determine soil response to 
changing land use and global climate change. 

Crop production is a source of greenhouse gas emissions due to disturbance of the soil 
during cultivation, improper management of harvest residues, application of fertilizers, but 
also due to the use of equipment in various technological operations (these are emissions from 
energy sources necessary for soil cultivation, as in the production of mineral and organic 
fertilizers, etc.) [8]. 

CO2 emissions from fossil fuels used in agricultural machinery operations are estimated 
at 0.4-0.6 Gt CO2 eq. annually in 2010 [1]. The production of nitrogen fertilizers contributes 
to the release of 410 Tg COz eq. per year, equivalent to 0.8% of global greenhouse gas 
emissions [2]. Other types of fertilizers and pesticides are considered not to have a significant 
contribution to increasing atmospheric CO>. 

Soil tillage is a basic practice in agricultural management. Conventional soil tillage 
systems include more and more tillage, including plowing with reversing the layer, which 
results in higher COz emissions and also requires more fuel to be consumed. In contrast, soil 
protection technologies are based primarily on reducing impacts on soil by limiting all soil 
tillage activities, shallower operations, and eliminating soil inversion while maintaining and 
managing crop debris [6]. Also, reducing the passes of equipment across the field results in 
lower emissions from the use of fuels. 

According to Carmo et al. (2014), the introduction of organic materials into soil 
increases carbon dioxide emissions, with a strong relationship between soil temperature and 
CO>2 emissions observed in all treatments. However, the loss of C-CO2 from the soil amended 
with sludge and composted sludge, and the amount of carbon contained in these residues, 
conclude that more organic carbon is left in the soil [5]. 

Organic farming tend to have higher CO2 emissions and lower N2O emissions than 
conventional systems. Lower N2O emissions are likely to be related to lower nitrogen inputs, 
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while higher CO2 emissions could be due to more organic matter applied by organic fertilizers 
and due to the higher autotrophic respiration of live mulch [4]. 

Improved agricultural practices have great potential for increasing soil organic carbon 
and for reducing carbon dioxide and other greenhouse gas emissions. On the other hand, 
agricultural production systems, which involve intensive cultivation, lead to soil degradation 
and erosion, which negatively affects soil quality and has a major impact on climate change. 

The average altitude of the territory of Bulgaria is 470 m. The erosion assessment of the 
relief of the country shows that 16% of the total territory is inclined from 0 to 3 °, while more 
than half (55.3%) are inclined from 3 to 12 °, and 23.9% of the area is inclined from 12 to 
18°. According to Ruseva (2010), 60.1% of the soils in our country are of medium, strong or 
very strong erosion susceptibility (over 0.03 ha h / ha MJ mm) [17]. On sloping terrain, the 
application of already established traditional (conventional) technologies does not solve the 
problems of degradation, and even according to Dimitrov (2008), can accelerate its 
appearance and development, especially if the operations are carried out along the slope [7]. 
For this reason, it is necessary to use appropriate soil protection technologies on sloping 
agricultural land sown with maize for the purpose of limiting or completely preventing 
degradation processes - water erosion of the soil, compaction and loss of soil organic matter. 
One of them is the advanced soil protection technology for minimum and unconventional 
tillage for growing maize on inclined terrains. It includes both combined systems for reduced 
tillage and erosion method of vertical (intra-ground) mulching using manure. This technology 
was developed and tested by the Institute of Soil Science, Agrotechnology and Plant 
Protection "Nikola Pushkarov" - Sofia, in cooperation with the University of Rousse "Angel 
Kanchev". 

The purpose of the present study is to determine the impact of conventional and soil 
protection tillage systems using manure with surface mulching and advanced technology for 
minimum and unconventional soil tillage for grain maize cultivation on sloping terrain, 
including vertical mulching on soil CO2 emissions. 


MATERIAL AND METHODS 


The experimental field is located in the northern climatic region of the Danube hilly 
plain and is characterized by a temperate continental climate, with a sharper continence than 
the rest of the country. Autumn and spring are short. Winter is cold, with a minimum amount 
of rainfall and hot summers with a high maximum of rainfall. 

The study was conducted in the period 2018-2019 yr., in the experimental field of the 
Institute of Soil Science, Agrotechnology and Plant Protection "Nikola Pushkarov" - Sofia, in 
the territory of the village of Trustenik, Ruse region, under non irrigation conditions, of 
medium eroded calcium chernozem with inclination of the slope of 5° (8.7%). 

A single factor field experiment with grain maize based on the block method, in four 
variants, in four replicates, was conducted. The variants of the experiment are: 

Co - maize plots, grown by conventional technology, applied along the slope - control; 

c1- maize plots, grown by using conventional technology applied across the slope; 

C2 - maize plots, grown by erosion control technology, including surface mulching 
with manure, all operations applied across the slope; 

c3 - maize plots, grown by erosion control technology, including soil tillage without 
reversing the layer - loosening and soil protection operation vertical mulching with manure, 
forming slits with ducts, along with sowing and digging and furrowing along the hilling 
(advanced technology for minimum unconventional soil tillage) applied across the slope. 

During the two-year study period, annually, all technological operations performed 
under variants co and c; are traditional (conventional) and identical, the difference between 
them is only in the direction of their realization. In the control they were applied along the 
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slope, and in variant c; in the transverse direction. In the same direction, the operations of 
variant c2 were carried out and, prior to the pre sowing tillage, the anti-erosion method of 
surface mulching with manure (4500-5000 kg / ha) was carried out, using the fertilizer trailer 
1PTU-6 for this purpose. 

The last c3 variant includes erosion control methods of loosening, such as basic tillage, 
vertical mulching with manure, forming slits with ducts, along with sowing and digging, and 
furrowing along the hilling. Loosening in this case replaces the plowing with the reversal of 
the soil layer. It is carried out, across the slope, at a depth of 0.40 m, with cultivator CP — 9, 
aggregated with tractors with a nominal power of 120 to 150 kW. Vertical mulching is also 
carried out across the slope, before sowing with a specialized device for incorporation of 
organic matter into the soil, by a band scheme (with interval between the slits of 0.60 m and 
the interval between bands 3 m in the field), at a depth of 0.40 m. In these operations were 
used specialized soil machine for incorporating organic materials, combined device mounted 
on the frame of the SPC-6 pneumatic seed drill and a soil cultivator KRN-4,2 and a combined 
tillage, for making cuttings with slits and ducts. 

During the study period, climatic observations, erosion studies of the applied 
technologies were carried out, as well as the carbon emissions for each month during the 
growing season, as well as the content of labile carbon (oxidized by potassium 
permanganate), was determined, soil moisture of 0-10 cm and soil electrical conductivity. 


RESULTS AND DISCUSSION 


Data on fig.1 shows the average day-and-night temperatures as well as the sum of the 
precipitation for ten days periods. Precipitation in the area is unevenly distributed throughout 
the year. The highest rainfalls in 2018 yr. has fallen in the warm months - June and July, and 
in 2019 yr. the precipitation peak is in April, May and June. In 2018 yr. there is very low 
rainfall in April and August, and in 2019 yr. - August and September. 

Figure 1 shows the average day-and-night temperatures. There is a slightly cooler April 
in 2019, associated with more heavy rainfall in the second ten days of the month. 
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Fig. 1 Climatic characteristics of the two-year study period (2018 - 2019) 
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Figure 2 shows soil surface moisture and CO2 emissions (kg/ ha day). Figures 1 and 2 
show that temperature and rainfall have a combined effect on carbon emissions. They in April 
2018 yr. are lower than those in April 2019 yr. due to lower rainfall and cooler March’ 2018. 
At the end of April and May 2019 yr. it can be seen lower temperatures compared to the same 
period in 2018 yr., which has led to lower COz2 emissions. In both years, the drought in 
August is observed, that in 2019 yr. was particularly severe and combined with high 
temperatures. In both years, this has led to low CO2 emissions in August. Low temperatures, 
high humidity, and high temperatures combined with low humidity suppress soil respiration. 
Another reason for the different peaks in carbon fluxes is the systems of tillage and the 
organic substances applied. 

In September 2019 yr. after a prolonged period of soil drying, low rainfall in September 
leads to enhanced mineralization of organic matter with higher COz emissions, known as the 
Birch effect [3,11]. Precipitation after prolonged dry periods causes the Birch pulsating effect. 
Emissions increase within minutes or hours after the onset of rainfall and return to 
background levels within a few days [14]. 
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Fig. 2 Soil moisture content (0-10 cm),% and CO>2 emissions, kg / ha day 


The direct relationship between soil moisture and carbon emissions is not observed, as 
can be seen from Figure 2. Only the difference in humidity does not cause a change in the 
intensity of soil respiration. Soil moisture combined with other factors causes such changes. 

The intensity of soil respiration depends on applied system for soil tillage. At the 
beginning of the growing period, before sowing, higher CO2 emissions were measured in 
conventionally tilled variants. Total for the season, in variant with surface manure application, 
emissions are the highest. In contrast, the organic matter incorporated by vertical mulching, 
combined with minimum tillage, results in lower carbon dioxide emissions. 
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Fig. 3 CO2 emissions, kg / ha day 


In relation with the fluxes of COz from the soil, the quantities of labile carbon (Fig. 4) 
and electrical conductivity (Fig. 5) were measured. The results show higher amounts of labile 
carbon and electrical conductivity for variants with surface application of the manure and for 
minimum tillage with vertical mulching. Higher amounts of nutrients are available in the 
presence of high EC values. Consequently, nutrient content in soil, as with the application of 
manure or mineral fertilizers, plays an important role in the formation of carbon emissions. 
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The CO2 emissions of c2 variants with application of conventional tillage and surface 
mulching are the highest. Accordingly, in this variant, the highest levels of labile organic 
matter are also observed. When applying surface mulching in 2018 yr., COz emissions are 
54.46 kg/ha day in 2019 yr. - 76,30 kg/ha day. Emissions of the last variant c3, with the 
application of minimum tillage and vertical mulching, are significantly lower, and in 2018 yr. 
and 2019 yr. respectively the average are 29,50 kg/ha day and 43,79 kg/ha day, whereas in the 
case of conventional tillage applied along the slope, they are 33.11 kg/ha day and 47.69 kg/ha 
day, which also shows the impact of minimum tillage on soil emissions, and is an organic 
substance incorporated. The effect is stronger at the beginning of the growing season and the 
differences in emissions there are much higher. The carbon dioxide emissions of the control 
variant conventionally grown along the slope are 31.25 kg/ha day and 46.53 kg/ha day. 


CONCLUSION 


— Soil COz emissions depend on a number of factors; temperature, humidity, soil 
cultivation, application of organic amendments, nutrient content. 

— The highest CO 2 emission values as well as the highest quantities of labile carbon are 
observed in the variant grown with soil protection technology with surface application of 
manure. The application of organic fertilizers inevitably leads to an increase in labile organic 
carbon as well as higher carbon dioxide emissions. 

— Carbon dioxide emissions are lower for the minimum tillage in combination with 
vertical mulching, and they are 43.95% lower than the surface mulching variant, which means 
that much more the imported organic material remains in the soil. The carbon emissions of 
this variant are on average 9.28 % lower than the variant using conventional tillage system 
applied across the slope. 

— Advanced soil protection technology for minimum and unconventional tillage for 
growing maize on sloping terrains not only has high erosion efficiency but is a way of 
incorporating organic matter into the soil without observing significant carbon emissions from 
the soil. Minimizing operations also contributes to reducing emissions from both the 
processing itself and the usage of fossil fuels. 
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Abstract: Household water meters as a subset of water flow meters, i.e. water meters that are used as 
designated meters, belong to one of the most numerous groups of meters. These meters are subject to 
requirements in accordance with the applicable EU metrological legislation in terms of their placing on the 
market (making available on the market or putting them into use), but also the national legislation of the Slovak 
Republic in use during the period of their valid verification. The subject of this paper is to analyze how water 
meters behave at the end of the verification interval with the evaluation of compliance with the maximum 
permissible errors after performing accuracy tests in the verification of these meters in the laboratory of the 
authorized person with reference to specifics and possible effects that may affect the accuracy of these meters 
when using them, or drawing conclusions that may be of a recommendatory nature in terms of the possible 
elimination of some effects. 


Keywords: Water Meters, Gauges, Flow of Water, Accuracy, Verification, Validity of Verification, 
Conformity. 


INTRODUCTION 


The subject of the analysis in this paper were water meters, which were used to measure 
the flow of cold and hot water as a designated meter in accordance with Directive 2004/22 / 
EC of the European Parliament and of the Council of 31 March 2004 on meters (EP 
Directive) and § 11 of Act no. 157/2018 Coll. on Metrology and on Amendments to Certain 
Acts, as amended by Act no. 198/2020 Coll., (Hereinafter referred to as the Metrology Act). 

The aim is to evaluate compliance with the permissible error in the subsequent 
verification of water meters in connection with the maximum permissible error in use in 
accordance with § 16 of the Metrology Act [5] and draw conclusions related to the duration of 
verification of these meters, or draw conclusions pointing to their accuracy at the end of their 
use. 

To measure the flow of water in closed pipes (water supply networks), meters belonging 
to the group of speed meters of the flowed amount of water are used and we most often refer 
to them as water meters [1, 7]. 

In the conditions of Slovakia, the history of the use of water meters as specified meters 
or gauges intended for calibration or calibrating (note: in this context the word ,,calibration“ 
used as a synonym for the Slovak colloquial ,,ciachovanie“ or ,,cajchovanie“), dates back to 
the period of 1909, when the verification of water meters in the period of Austria-Hungary 
was carried out by employees of state calibration authorities. Legislation relating to water 
meters in the intentions of the Austro-Hungarian legal system survived until the mid-1930s, 
when the existing legislation was replaced by Government Decree no. 107/1934 Sb. from. an. 
on the official calibration of water meters [2]. 

After the year 2000, the requirements for these measuring instruments were regulated 
by the Decree of the Office for Standardization, Metrology and Testing of the Slovak 
Republic No. 210/2000 Coll. on metrological control meters, as amended, which separately in 
two annexes specified the technical metrological requirements for cold water meters and 
especially for hot water meters. 

With the accession of the Slovak Republic to the EU, there was a gradual approximation 
of the legal regulations of the Member States, which also apply to measuring instruments, 
which resulted in the issuance of the Regulation of the Government of the Slovak Republic 
no. 294/2005 Coll. on meters, which specified the requirements and procedures for meters 
that are subject to its adjustment when they are placed on the market in the EU Member 
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States, which also affected water meters [8]. 

In the transitional period bounded by the years 2006 to 2016, water meters could be 
placed on the market in the Slovak Republic in two ways [8]. 

At present, water meters are covered by two legal regulations governing their placing on 
the market (making available on the market or putting them into use) and their use and 
metrological control during their use, which transposes the EP Directive [7] in the Slovak 
Republic into Government Regulation no. 145/2006 Coll. on making measuring instruments 
available on the market, as amended by Government Regulation of the Slovak Republic no. 
328/2019 Coll. [11] and Decree of the Office for Standardization, Metrology and Testing of 
the Slovak Republic no. 161/2019 Coll. on measuring instruments and metrological control 
[9]. 

Water meters for measuring clean cold and hot water according to their use and from 
the point of putting them on the market are divided into: 

a) water meters for measuring in households, for commercial purposes or in light 
industry, 

(b) water meters for measuring in heavy industry [4]. 

This division according to the Decree of the Office for Standardization, Metrology and 
Testing of the Slovak Republic no. 161/2019 Coll. is given by how these meters are made 
available on the market or put into use in accordance with the applicable legislative 
requirements. 

Water meters for measuring in households, for commercial purposes or in light industry 
are available on the market or put into use in accordance with harmonized EU legislation [4] 
the so-called "new approach" legislation represented in the Slovak Republic Act no. 56/2018 
Coll. on the conformity assessment of a product, making a specified product available on the 
market and on the amendment of certain laws and, subsequently, for the field of measuring 
instruments, it is the Regulation of the Government of the Slovak Republic no. 145/2006 Coll. 
on making measuring instruments available on the market, as amended by Government 
Regulation of the Slovak Republic no. 328/2019 Coll [10]. 

Conformity assessment procedures for water meters (MI-001) are specified in Annex 
no. 3 of the EP Directive [10], whereby the manufacturer may use the B + F or B+ D or H1 
procedure for the purposes of conformity assessment under this Directive. We also refer to 
these procedures as conformity assessment modules. 

MODULE B: The EU-type examination is the part of the conformity assessment 
procedure whereby a notified body examines the technical design of a measuring instrument 
and verifies and confirms that the technical design of the measuring instrument meets the 
requirements of this Government Regulation applicable to that technical design of the 
measuring instrument [7]. 

MODULE D: Conformity to type based on quality assurance of the manufacturing 
process is the part of the conformity assessment procedure by which the manufacturer fulfills 
the obligations and ensures on his own responsibility that the relevant instrument conforms to 
the type described in the EU-type examination certificate and meets the requirements of this 
Regulation that applies to the relevant measure [7]. 

MODULE F: Conformity to type based on instrument verification is the part of the 
conformity assessment procedure whereby the manufacturer fulfills the obligations and 
ensures and declares on his own responsibility that the instrument concerned is in conformity 
with the type as described in the EU-type examination certificate, and meets the requirements 
of this Government Decree that apply to the relevant instrument [7]. 

MODULE H1: Conformity based on full quality assurance and design examination is a 
conformity assessment procedure whereby the manufacturer fulfills the obligations set out in 
the second and sixth paragraphs and ensures and declares on his own responsibility that the 
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instrument meets the requirements of this Government Regulation applicable to the 
instrument it applies to [7]. 

Water meters for measuring in heavy industry are placed on the market by performing a 
pre-market metrological inspection, which includes national type approval and_ initial 
verification in accordance with the Metrology Act [4], a procedure carried out in accordance 
with national legislation, which we refer to as legislation The "old approach". 

If a water meter is used as a specified gauge, i. in accordance with § 11 of the 
Metrology Act, must be used in accordance with the provisions of § 16 of the Metrology Act. 

Water meters used in the Slovak Republic as designated meters are subject to 
subsequent metrological control - subsequent verification in accordance with Section 16 of 
the Act on Metrology. According to the law, the user of this measuring instrument is obliged 
to submit the used specified measuring instruments for subsequent metrological control. 

By using a designated meter we mean measurement by a specified meter by the user [5] 
(eg. using the results read from a specified meter for the purpose of billing the price of the 
amount of water consumed in the household - apartment). 

Water meter user as a designated meter in means of a public authority or entrepreneur 
who uses a specified meter or a value indicated by a specified meter in a measurement related 
to payments, where there may be a conflicting interest in the measurement result or where an 
incorrect measurement result may harm the interest of a natural person, legal entity or persons 
of the wide public, is provided by special regulations [5] (eg the Public Water Supply Act). 

Subsequent verification of water meters in the Slovak Republic is carried out in 
accordance with § 25 of the Metrology Act, when a water meter test is performed, during 
which the water meter error(s) is detected and conformity with the specification for the 
maximum permissible error is evaluated in accordance with Annex no. 10 Decree of the 
Office for Standardization, Metrology and Testing of the Slovak Republic no. 161/2019 Coll. 
on measuring instruments and metrological control [10] or special regulations in force at the 
time of conformity assessment of a water meter, e.g. Regulation of the Government of the 
Slovak Republic no. 145/2006 Coll. on making measuring instruments available on the 
market, as amended by Government Regulation of the Slovak Republic no. 328/2019 Coll 
[6,7]. 

The instrument must be in conformity with the approved type during verification and 
must meet the technical and metrological requirements, in particular the permissible error, as 
already mentioned above. 

Verification of water meters can be performed by the Slovak Institute of Metrology 
(SMU), Slovak Legal Metrology n.o. (SLM), or persons (entrepreneurs or other legal entities) 
authorized in accordance with § 31 of the Metrology Act [5]. 

If a natural or legal person suspects that the water meter does not meet the metrological 
parameters when using a water meter, they have the right to ask the user of the specified 
meter to detect the error of the specified meter in accordance with § 16 of the Metrology Act. 
at SMU or SLM in means of a written request of the user of the specified meter (water meter). 
[5] The meter is considered satisfactory if it does not exceed the maximum permissible error 
in use set for water meters by Annex no. 10 Decree of the Office for Standardization, 
Metrology and Testing of the Slovak Republic no. 161/2019 Coll., which is determined as 
twice the maximum permissible error during verification. 

From a legislative point of view, the maximum permissible error in use can be assessed 
no later than the last day of validity of the verification of the specified meter. [5] The 
validation interval of the verification of selected water meters is shown in Table 1. 
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Table 1 Validity period of verification for water meters according to Annex No.1. 
Decree of the Office for Standardization, Metrology and Testing of the 
Slovak Republic no. 161/2019 Coll 


item Type of determined gauge Verification validity period (in years) 
1.3.1 Household water meter 
a) cold water 5 
b) hot water fs) 
1.3.2 Water meter 
a) cold water 6 
b) hot water 4 
MATERIAL AND METHODS 


Subsequent verification of water meters used as designated meters is one of the standard 
obligations of users of designated meters as mentioned above. 

The Act on Metrology [5] in the Slovak Republic specifies who is authorized to perform 
subsequent verification of specified measuring instruments. In the case of water meters, these 
are to a large extent (estimated at about 80% to 90% of water meters of the total number of 
water meters used as distribution meters) authorized persons to perform the verification of 
specified meters according to the Act on Metrology [5]. 

The procedure used in the Slovak Republic prior to the actual verification of water 
meters is such that the water meters are cleaned and adjusted, or repaired and then delivered 
for verification to an authorized person to perform the verification. 

In accordance with the Metrology Act [5], an authorized repairer, ie a person registered 
under the Metrology Act [5], is required to carry out repairs and repairs to specified meters, 
namely those specified in the registration decision. 

Repair and cleaning of household water meters is primarily performed only in Slovakia 
and the Czech Republic, in other EU countries this is not a trend and water meters are 
discarded after the first verification interval (ie after their first placing on the market or 
putting into use) and do not verify. 

The user is always obliged to order the verification of specified meters in writing. 

In this paper, we want to examine the metrological characteristics of water meters at the 
end of the validity period (after its expiration) in terms of meeting the requirements for the 
permissible error during verification and the permissible error in use. 

An authorized person (metrological laboratory) was selected for the implementation of 
the experiments, who also performs the verification of water meters. 

For the purpose of performing the experiment, the usual procedure before the actual 
testing (verification) was omitted and the gauges after disassembly were immediately tested 
as if the tests were performed to determine the water meter error in use, ie. the gauges were 
not cleaned, adjusted or repaired. 

The purpose of this experiment was to find out how the sample of selected water meters 
will behave, while the evaluation was aimed at evaluating the compliance of metrological 
requirements, ie permissible error in verification and permissible error in use and 
quantification of compliant and non-compliant water meters in the sample. 

For the purposes of the experiment, a sample of household mechanical water meters of 
dimension DN 15 in the number of 815 pieces was used. 

A household water meter is a water meter located in household and non-household 
premises behind a joint water meter, which is used to determine the price for the supply of 
water to an apartment building [5]. 

These are meters of cold water flow (cold water meters). They are mechanical meters 
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with mechanical counters based on direct mechanical action when using measuring chambers 
with movable walls, or when the speed (flow) of water affects the speed of rotation of the 
moving part (turbine, a wheel, etc.) with a counter that works on the mechanical principle by 
means of rotating gears or other rotating components, [3] shown in Fig. 1. 
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Fig. 1 Household water meter 


This sample of water meters was delivered to the laboratory of the authorized person as 
standard, while the verification of these water meters was ordered by their user in order to 
perform their subsequent metrological control, ie subsequent verification in accordance with 
the Act on Metrology. 

The basis of the experiment was an accuracy test, which analyzes (determines) the error 
of the water meter 6 in%. 

This accuracy test was performed on a Standard device (water meter line) connected to 
the flow standards of the Slovak Institute of Metrology. 

The accuracy test for the subsequent verification was performed at three flow rates in 
the order Qmax; Qt; Qmin. 

Maximum flow (Qmax,) - the highest flow at which the meter can operate for a limited 
time without damage and without exceeding the maximum permissible errors and the 
maximum allowable pressure loss. 

Nominal flow (Qn) - is equal to half the maximum flow Qmax and is used to identify 
the meter; at nominal flow Qn, the meter must be able to operate in normal use, meaning 
under constant and intermittent working conditions without exceeding the maximum 
permissible errors. 

Transient flow (Qt,) - the flow that divides the upper and lower sections of the flow 
range and is the flow at which the limits of the maximum permissible errors occur. 

Minimum flowrate (Qmin,) - flowrate above which the maximum permissible accuracy 
errors must not be exceeded. 

The fixed start mass method according to [3] was used to perform the accuracy test. 

It is a method in which the conventional true value of the flow rate is carried out by 
reference weights and the liquid is at rest at the beginning and end of the test on the test scale, 
this method being considered static because the liquid is at rest at the beginning and end of 
the test in the standard [3]. 

The test equipment used (water meter track) for the mass method with scales is a device 
that is mechanically operated - the fixed start method. This device can be used for one meter 
under test or for several meters connected in series. 

The basic parts of the test equipment are: 

a) flow source with storage tank, 

b) measuring part for mounting gauges, 

c) flow control branches with flow meters and weighing system, 

(d) evaluation equipment. 

The used test equipment (water meter line) is supplemented by software for automation 
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of the testing process with the possibility of controlling the whole process, flow setting for the 
test, automatic measurement of test time, weight reading, control of valves (control branches, 
start stop valves), pump control, control of line input valves and archiving of measured values 
into the database. 


Fig. 2 Principle of a test rig operating by the mass balance method [3] 
1 - storage tank, 2 — filter, 3— pump, 4 - height tank, 5 - supply line, 6 - calibrated gauge, 
7 - control valve, 8 - flow meter, 9 - sight glass, 10a - control branch, 10b - control branch, 
11 - switching flap, 12 - metering tank, 13 — scales, 14 - vent valve, 15 - drain valve, 


16 - shut-off valve 


RESULTS AND CONCLUSIONS 


815 water meters were tested (verified) at three flows according to the established 
approved work procedure, while data on the detected error of the tested water meters were 
collected, with the result being presented as an expression of compliance with the maximum 
permissible error verbally as "Pass" or "Fail" and the numbers of water meters are determined 
for these categories. At the same time, these numbers of water meters are also determined for 
individual test flows. 

Evaluation of compliance with the maximum permissible error as follows: 

1. confirmation of the conformity of the specified measuring instrument with the 
metrological requirements for the type of the verified specified measuring instrument in 
accordance with § 25 para. 1 of the Metrology Act [5] as follows: % and in the lower section 
(Qt to Qmax,) + 2% for cold water [4] shown in fig. No.4, 

2. determination of the number of compliant specified measuring instruments according 
to par. 6 and 7 816 of the Metrology Act, the error of which does not exceed the maximum 
permissible error in use, which is equal to twice the maximum permissible error determined 
during the verification of water meters [5,9] shown in Fig. 4. 

It must be said that a water meter is considered unsatisfactory if its error exceeds the 
maximum permissible error, even with just one flow. 

The Fig. 3 graphically shows the numbers of compliant and non-compliant meters with 


= 57 = 


Agricultural, Forest and Transport Machinery and Technologies (ISSN: 2367— 5888) 
Volume VII — Issue 1, 2020 


respect to the permissible error in verification after the expiration of the validity period (i.e. 


without repair and cleaning). Fig. 3 testifies to the error of the meter without repair and 
cleaning and indicates the need for repair and cleaning, or deployment in the use of new 


meters. 
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Fig. 3 Quantification of the number of water meters that passed / failed the accuracy test after 
the expiration of the validity period with the evaluation of compliance with the permissible 
error in the verification of the meter 


From Fig. 3, it is clear that, applying the requirement for compliance with the maximum 
permissible error in verification, 585 of the total number of water meters 815 would not 
satisfy, which represents approximately 72% of the water meters in the sample. 

If we select a group from non-compliant water meters that did not comply with Qmin 
when applying the requirement for compliance with the maximum permissible verification 
error and look at how these water meters in this group behaved at other flows, we would find 
that about 2/3 of this group did not comply with other test flows t. j. at Qt and Qmax, as 
documented in Fig. 4. There appears to be a strong correlation of the magnitude of the error of 
the meter at different flow rates. 

If the criterion of double permissible error, ie. permissible error in use, were taken into 
account in the conformity assessment, the results of this analysis would be as shown in Fig. 5, 
which means that out of the total number of tested water meters in the number of 815 pieces, 
134 pieces did not meet this criterion, which represents approximately 16.5%. 

At present, in the Slovak Republic, the period of validity of the verification is set for 
household water meters as for specified meters in the length of 5 years [9]. The sample of 
household water meters that were analyzed should meet the required metrological 
characteristics during this period of validity. It is clear from the results that this is not the 
case. However, it must be said that in the usual procedure, testing of uncleaned and 
unadjusted meters is not performed during the subsequent verification after the expiration of 
the verification, and this testing was performed as a "model". From the above results, it can be 
deduced that the water meters are affected during use mainly by the measured medium itself, 
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meaning water, which can cause them to become clogged and thus affect their accuracy, 
especially in the case of water of a higher degree of hardness. 
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Fig. 4 Quantification of the number of non-compliant water meters at Qt and Qmax from a 
sample of non-compliant water meters at Qmin under conditions as in Fig. 3 
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Fig. 5 Quantification of the number of water meters that passed / failed in the accuracy test 
with the evaluation of compliance with the permissible error when using the meter 


In practice, however, in cases of dispute, the double permissible error is taken into 
account when assessing instruments in use, testing uncleaned and unadjusted instruments and 
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the requirement that the verification of these instruments should not expire must be complied 
with. From the results evaluated in this way, it is clear that even the % of unsatisfactory water 
meters is significantly lower, but even so, 1/6 (16.5%) of water meters will not ensure 
compliance with satisfactory metrological characteristics. 

The question is whether the interval of validity of the verification of this type of meters 
in the Slovak Republic is sufficient, even taking into account that these meters are mostly not 
verified abroad for the most part. It is worth mentioning that in the past the length of validity 
of the verification of these meters has also changed in the Slovak Republic, in the older stages 
it was 4 years and in the recent past it was 6 years. 
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Standardization of Cooperation between Production and Supply 
Quality in Production Organization 


Miroslav Pristavka, Hristo Beloev, Plamen Kangalov, Mitko Nikolov, 
Pavol Findura, Petr Bartos, Olga Urbanovicova 


Abstract: Standardization of processes is currently an essential part of manufacturing organizations. It is 
a very effective way to increase efficiency in achieving the desired goals, making organizations more 
competitive. However, it is important that processes are standardized at all levels without exception. It is enough 
that a few processes do not have clearly defined duties and responsibilities and the performance of the whole 
system is noticeably reduced. The standardization of the cooperation process between production and supplier 
quality departments was carried out in an unnamed organization. The basic activity in which these two 
departments worked together was to solve the problems with the supplied material. Production quality gave 
impulse from production about the problem with the supplied material and the supplier quality solved this 
problem by issuing a complaint to the supplier. However, this process often led to inadequate analysis, loss or 
misunderstanding of the information, or to the issuing of complaints with considerable delay. These problems 
stemmed from insufficiently defined responsibilities and from a non-standardized process of cooperation 
between these departments. The aim of the article was to define responsibilities for both departments, to create a 
flow chart for the procedure for managing nonconforming input material and to create a form for submitting the 
information needed for opening of claim to the supplier. Subsequently, the proposed methods were applied to a 
specific complaint, which confirmed, that thanks to standardization, the process of opening and resolving 
supplier complaints was significantly streamlined and the cooperation between these two departments was 
significantly improved. 


Keywords: organization, production quality, standardization 


INTRODUCTION 


Standardization as a process is a very effective tool to reach sustainability, prosperity 
and competitiveness. Its basic advantage is that it clearly defines the borders, responsibilities 
and competencies. If we manage an organization and have no standards, procedures and 
documents, based on which we could clearly determine who and how to do things, we cannot 
speak of organized management (Bujna et al., 2019, Korenko et al., 2015). 

One of the basic aspects of each organization is a quality. Quality in an organization 
does not only include visibly reliable products and their properties. There is also a large 
number of processes that control and influence quality. Thus, these processes can directly 
influence finished products, their compliance with customer requirements and it is therefore 
necessary to manage these processes. Standardization in this case is crucial because it has 
a significant impact on the future of an organization [Bujna-Kielbasa, 2019, Lilko et al., 
2019). 


MATERIALS AND METHODS 


The main objective of the paper was to standardize cooperation between departments of 
production and supply quality. To fulfil the objective, it was necessary to create a form, which 
was abasis of creation and solution of aclaim against supplier. The created standard, 
including responsibilities and procedures together with a form to transfer information, was 
applied to the issue and we confirmed whether cooperation between departments is more 
effective (Bujna et al., 2015). 

We monitored two objects, department of supply quality, responsible for input material 
in the processes and department of production quality, serving for providing information 
about problems with the material. Both departments worked on the common objective, that is 
ensuring smooth running of production with an input material without different variations. 
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Standardization process: 


selection of a workplace, 
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analysis of the current state of realization and conditions of process on a workplace, 
proposal and implementation of rationalized measures, 
creation of working standard (Cviéela, 2020). 

Form for information necessary to create supply claim 

The form (Table 1) was established based on needs of department of supply quality. 
This form included all the necessary information, which an employee of supply quality needs, 
to be able to provide a claim for supplier (Cviéela, 2020). 


Table 1 A sample form for information necessary to open a supply claim: 


Number of material + index: 


FORM FOR INFORMATION 
NECESSARY TO OPEN SUPPLY CLAIM 


XXXXXX-XXX 


Supplier: 


Name of supplier 


When did the problem occur for the first 
time? 


Date, time, shift 


Who identified the problem? 
Where was the problem identified? 


Quality engineer, operator, controller on the line 
Before/ after process on the line, control at the 
end of line, audit 


How many mismatched pieces were found 
and produced? 


Raw material: amount 


Unfinished 
production: 
Finished products: 


amount 
amount 


Suspicious material: amount 


Trend: 


Random, specific side, cavity 


Description of a problem: 


Brief results of internal analysis 


What causes it? 


Consequence of the deviation 


Immediate reaction on the line: 


Immediate reaction to ensure production: 


Exchange of boxes 

Exchange of production charges 
Change of produced model 
Classification on the line 
Classification by external company 
Replacement delivery 

Need to check stock 


Analysed mismatched parts for supplier as a 
proof: 


YES NO 


If yes, number: amount 


Form submission date: 


Date, time 


For the production of quality department: Name, Surname 


For department of supplier quality: Name, Surname 


Appendix: 


1) Supplier information tag 
2) Technical drawing/ documentation 


Enclosed photo or a scan of a tag 
A clipping from adrawing that relates to 
a parameter that is out of specification 


3) Results of measurement 
4) Photo documentation of deviation 


RESULTS 


Results of measuring equipment/ protocol 
In case of visible deviations e.g. sprays, 
underwear, visible mechanical damages 


Application of established procedures within solution of a specific claim 
In production organizations, into which a large amount of materials enters, we often 
find their deviations. No process is perfect, thus there are deviations from specification on the 
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input materials time to time. Effort to solve these deviations and minimize their amount is 
directly proportional to supplier quality. Some suppliers have better run processes, some do 
not, but in general it is always inevitable to solve the problem so that it does not repeat and 
that the corrective action is effective and lasting. This is ensured by 8D methodology (Fig. 1), 
which is processed by the supplier who happened to have the problem. The whole process of 
problem solution is under control of department of supplier quality (Cviéela, 2020). 


Acceptance of 
a claim and solution 
of problem by 8D 

methodology 


Impuls from 
production to 
department of 
supplier quality 


Opening claim 
on supplier 


8D report sent for approval 
until accepted — consequently 
the claim can be closed 


Fig. 1 Scheme of information flow within solution of problem on a supplied component 


Characteristics of a supplier 

A supplier is primarily specialist to metal forming (pressing, shaping, fine cutting), 
hybrid plastic injection, assembly of sets, it also focuses on other production technologies. It 
produces highly quality components and sets for customers especially from the area of 
automobile industry, they also supply telecommunications, home appliances and lighting. 
Among specific products there are for example: locking systems, fastening and hinge systems, 
suspension and damping systems, or exhaust and propulsion systems. 

Characteristics of a supplied part 

The electronics cover (Fig. 2) is a component, which is created by a process of plastic 
injection. Basic functions of plastic cover are: 

— protection of electronics of finished product against mechanic damage, 

— closure of functional space of finished product and protecting it against pollution, 

— ensuring tightness of finished product. 


Fig. 2 3D model of electronics cover 


Internal analysis in the process 
Finished products are in final stage of production subjected to several types of tests. 
One of various characteristics which must be fulfilled by our product according to 
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specification, is to tightness. 

During testing at the end of production line, we came across a problem with insufficient 
tightness. The parts are tested for tightness, so that pressure is introduced into them through 
a special membrane and it is monitored for a certain time whether it decreases. In our case we 
noticed a decrease of pressure. 

We selected 10 mismatching parts which were discarded by the line and we analysed 
them. To determine leaking, we used a simple test — finished product was put in a box with 
water. From the edge of the electronics cover we noticed air leaking. Next step was to 
uninstall the cover from the product. After disassembly we found imperfectly injected 
(damaged) edge of the cover which caused leaking (Fig. 3). To eliminate the impact of the 
process, we controlled the raw pieces in packaging, which did not enter the production line. 
After random control of some pieces, we found a similar error on raw parts, based on which 
we concluded that the problem is on the supplier's side. 


Fig. 3 Imperfectly injected edge of the electronics cover 


To ensure production, we withdrew anew packaging from the stocks with new 
production charge. However, the problem did not disappear with the new packaging and the 
covers with an imperfect edge were also there. Therefore, it was necessary to start internal 
classification on the line, to minimize number of mismatching finished products. 


Table 2 Fulfilment of the form for submission of the necessary information to open a claim 
against the supplier 


FORM FOR INFORMATION NECESSARY FOR 
OPENING SUPPLIER CLAIM 


Number of materials + index: A64078-114 
Supplier Dee ee 


When did the problem occur for the | 12.6.2020 
first time? 


Who identified the problem? 
Where was the problem identified? _| At the station of the final control in production line 


How many mismatching pieces were 8 pcs. 
found and produced? 
Unfinished production: 0 pcs. 
Finished products: 30 pcs. 
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Description of a problem: Missing material on the edge of electronics cover 
Immediate reaction on the line: Exchange of boxes | 
Exchange of production charges wm 
Change of produced model r 
Immediate reaction to ensure Classification on the line 
production: Classification by external company 
Replacement supply 
Need to check stock S< 


Analysed mismatching partsfor [YES ss [X]_ ss [NO 
a supplier as a proof: If yes, number: 5 pcs. 
Date of submission of the form: 26.6. 2020 


For the department of production quality: 


For the department of supplier quality: 
[Appendix: 


Appendix: 


eal 


2) Technical drawing/ 
documentation 


= —umisutend scnarfxantig > 


© SHARP EDGE ALL AROUND ae 
3. has 


4) Photo documentation of deviation 
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Due to standardization of processes and cooperation between departments of supplier 
and production quality, there has been a significant improvement and streamlining of the 
solution of claims to the supplier. This streamlining was encouraged by defining of 
responsibilities of individual departments, creation of development diagram for the procedure 
of managing non-conforming input material and creating a form for submitting data to open 
aclaim to the supplier. These individual steps were successfully applied to a specific 
complaint, which resulted in a prompt analysis of the problem and its flexible transfer to the 
supplier, who could respond in the shortest possible time by sending a replacement delivery 
and solving the problem in its essence. Thanks to this, the production could run without 
problems and the customer’s orders could be reliably delivered. 

The form (Table 2) for submitting the necessary information to open a claim against the 
supplier is used mainly in organizations to which material from external suppliers enters. It is 
an effective tool for quick summarizing of inevitable information and actions to solve a 
problem with a supplied material (Cviéela, 2020). 


CONCLUSION 


Standardization as apart of production organizations has its significance. Its basic 
impact on organization reflects especially in effectiveness of processes, which directly results 
in higher competitiveness and prosperity of organizations. The objective was to standardize 
process of cooperation between departments of production and supplier quality in favour of 
streamlining the solution of non-conforming input material. Defining individual duties solved 
a question of ,,who should do and what? “. Thanks to clearly defined responsibilities on both 
parties, there have been cases where the problem has remained with both parties waiting for 
the other to take astep. Creation of the form for effective submission of information 
supported speed of response and ensured that the necessary data were collected and 
transmitted at once. 

All the steps of standardization led to a common goal — to ensure smooth running of 
production with material which fulfils requirements of specification. As aresult, the 
organization can work with higher efficiency and higher assurance that the material from 
which they produce, is in the required condition and fulfils all the criteria to ultimately meet 
the customer’s needs with the utmost satisfaction. 
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Use of Balanced Scorecard Method in Project Management as 
Support of Technical Development of the Company 


Pavel Machal, Maksym Stankevych, Hristo Beloev, Miroslav Pristavka, Pavol Findura 


Abstract: Project management is in itself a philosophy of thought that goes far beyond the boundaries of 
science or science. The main reason is the complexity and dynamism of securing project results. Other no less 
important factors contributing to the growing importance of project management are global competition, the 
explosion of knowledge and customer orientation. Current project management tools allow you to respond 
quickly and efficiently to unavoidable project changes, using sophisticated procedures and tools for time-limited 
scheduling of several different types of projects simultaneously in conditions of limited resources. These tools 
include the Balanced Scorecard method. Project management is therefore one of the basic components of 
organizational management. Project management is considered by many experts to be the most important 
activity of the future. Among other things, in the field of technical development. 


Keywords: Project Management, Technical development, Balanced Scorecard method 
INTRODUCTION 


21st century has come, the world has reached the edge of a new era. Project 
management is one of the standard ways of working for successful companies in Western 
countries, and Western management considers project management knowledge to be an 
integral part of the skills of managers and executives (Michels, 2015; Bea, Scheurer and 
Hesselmann, 2011). The trends of the last few years, commanded by ubiquitous globalization, 
growing complexity, dynamic markets, technical and environmental changes, reveal the 
background of the shift in social paradigms and give rise to new visionary ideas about the 
future direction of contemporary society in connection with the new scientific discipline - 
project management. Therefore, the project management has recently received the attention it 
deserves, which is becoming the company's macroeconomic strategy. 

The main reason is the complexity and dynamism of securing project results. Other no 
less important factors contributing to the growing importance of project management are 
global competition, the explosion of knowledge and customer orientation. Current project 
management tools allow you to respond quickly and efficiently to unavoidable project 
changes, using sophisticated procedures and tools for time-limited scheduling of several 
different types of projects simultaneously in conditions of limited resources. Project 
management is therefore one of the basic components of organizational management. Project 
management is considered by many experts to be the most important "management" activity 
of the future (Pinto, 2013). Especially in today's dynamically changing market environment, it 
is becoming increasingly important and good management can bring any organization a 
significant competitive advantage. This is the main reason why more and more emphasis is 
being placed on it. Project management can also be understood as the process of making 
change itself (Drucker, 2006; Pugh, 1993). 

Managing change is one of the managerial skills that is essential for a successful move 
forward. In addition to the change management process itself, the ability also includes 
anticipating change, adapting in a timely manner, preparing for it, and responding quickly. It 
is for these reasons that project management is also linked to the changes. According to 
Lewin (1998), the basic mechanisms for managing change are as follows: thawing - 
dismantling the current stable balance that supports existing behaviors and attitudes. This 
process must take into account the potential threats that change poses to people and the need 
to motivate those affected by change to achieve a natural state of balance by accepting 
change; change - creating new responses based on new information; freezing - stabilizing 
change by introducing and fixing new reactions to the personality profile of those affected. 
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An effective project manager anticipates and anticipates the need for change and is not the 
only one to respond to an event that could improve the functioning of the organization; and 
instead of wandering from crisis to crisis, it manages the process of change over time to be 
effective and acceptable. 


MATERIALS AND METHODS 


The aim of this work is to provide a comprehensive view of one of the important 
supporting methods of project management development, which can be applied in order to 
gain a competitive advantage, It is a balanced scorecard (BSC). The work is based on a 
quality theoretical basis related to domestic and foreign bibliographic sources, the above 
method is specified as a perspective for project management. Methods of analysis, 
abstraction, synthesis, induction, deduction and comparison were used in the work. The 
quality and numerical number of bibliographic sources is an attempt to describe the current 
state of the issue, which is extremely interesting for us and to predict its developmental 
perspectives. 


RESULTS 


Due to the dynamics of change, project management has growing importance in all 
types of organizations. The project helps us to solve fundamental transformational changes, 
product quality planning, introduction of new technologies, order management, development 
of new products, etc. Knowledge of the principles of project management becomes a 
mandatory part of every manager's professional equipment. Mastering successful project 
management is often described as a competitive advantage or as a necessary equipment for 
the survival of the organization. 

Projects are not only tools for solving complex problems, but are also a new strategic 
option for designing the company's organizational structure. A project-oriented company is 
one that: considers project management as an organizational strategy, uses temporary 
organizations to implement complex processes, manages a portfolio of projects of various 
types, has specific permanent organizations for integration functions, applies a "new 
Management paradigm", has an explicit project management culture and considers itself 
project-oriented (Hrazdilova and Novotny, 2010). 

One of the important supporting methods of project management development that can 
be applied in order to gain a competitive advantage is - balanced scorecard (BSC). This 
approach is based on the fact that the market value of the company differs from the book 
value of the company. Only financial indicators to measure the company's performance 
cannot capture the "intangible value of the company",- it also consists of knowledge, skills, 
employee motivation, business processes, innovation and customer relationships. The concept 
of a balanced scorecard is often compared with the approach of stakeholders. The 
organization first defines the important interest groups that affect it - customers, suppliers, the 
public, etc. Subsequently, the requirements that each group (independent of the other) 
imposes are recorded. The task of the organization is to meet all these often conflicting 
expectations as optimally as possible, or. to align them. With the help of BSC, company 
management can measure how its business units create value for both current and future 
customers. 

BSC can be a basic pillar of a modern system of strategic business management (project 
management with an appeal to the HRM dimension). It enables the creation of a strategy- 
oriented company, as it (as well as its organizational units) brings it a holistic focus. 

Strategic management systems can be divided into four levels. The first is to clarify and 
translate the vision and strategy into concrete goals. This is where the creation of the BSC 
begins, which is the teamwork of the company's top management. Concretizing and clarifying 
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the strategy is crucial for the creation of BSC (Kaplan and Norton, 2005). The next part is 
communication and connection about vision and strategy. At this stage, the strategy is 
communicated to the following hierarchical levels and further specified. The goals of a 
specific area and individual goals are harmonized, which enables all employees to live with 
long-term goals. The third part is the process of planning and setting goals, including the 
alignment of strategic initiatives. Goals should be set for three to five years, and once they are 
achieved, the business can be transformed. BSC also enables the combination of strategic 
planning with the creation of corporate budgets. 

This process allows you to: 

— quantify the long-term outputs that the organization wants to achieve, 

— identify the mechanisms and resources needed to achieve outputs, 

— set short-term targets for both financial and non-financial benchmarks. 

The last part is to improve the feedback and learning process. This process is the most 
important and innovative in the entire BSC, as it allows monitoring and continuous 
adjustment of implemented strategies and, if necessary, completely changes them (Kaplan and 
Norton, 2005). 

The Balanced Scorecard, a system of balanced business performance indicators, is a 
method in management that creates a link between strategy and operational activities with an 
emphasis on measuring performance. It is one of the most comprehensive models of a 
strategic performance measurement system. The BSC method was created in response to the 
finding that a number of strategic goals were not put into practice. 

Many companies have a problem with the real connection of strategies with operational 
activities, when the strategy is implemented in all business areas and it is possible to measure 
the achievement of strategic goals. One of the reasons for this is that the basis of operational 
plans are usually only financial indicators that cannot sufficiently characterize the entire 
company. Therefore, it is necessary to monitor and balance all metrics - in addition to 
financial indicators also indicators focused on customers, business processes and employees. 

The origin of the Balanced Scorecard dates back to the early 1990s. However, the idea 
of measuring and evaluating in some way the performance of parts of a business is much 
older. Specifically, this method was developed by the research company Nolan Norton 
Institute. In 1990, the company sponsored a twelve-month study called "Measuring 
Performance in the Organization of the Future." The study was funded by the institution to 
make sure that existing metrics based on financial ratios are outdated. 

The study leader at Nolan Norton Institute was David P. Norton. Robert S. Kaplan of 
Harvard University held the position of Academic Consultant. In the United States, in the 
study, they analyzed several companies, in the order of dozens. One of the companies was 
Analog Devices, which used the Corporate Scorecard tool to measure performance and 
included: financial metrics, metrics related to customer lead times, quality and number of 
cycles in the production process, and new product development efficiency. 

The Analog Devices manager provided Norton and Kaplan with information on the 
practical use of the Corporate Scorecard, which resulted in modifications to the first 
Scorecard. The name has also been changed to 

Balanced Scorecard. These findings were summarized in the late 1990s, but the 
Balanced Scorecard was not fully developed until early 1992. Norton and Kaplan published 
an article on BSC, which referred to the method as a performance-enhancing metric. As part 
of their practice in companies, they understood the limited ability of financial indicators to 
determine, measure and control the success of the implementation of corporate strategy. They 
also recognized the need to create a comprehensive model that would allow for real objective 
measurements 

The Balanced Scorecard is therefore a tool for measuring business performance. 
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Specifically, it is a tool for strategic business management. In the analysed companies, there 
were often errors in the shift, which began with the preparation and went through the 
summarization of the strategic plan to the actual implementation. It is therefore important for 
the company to be able to measure the shift that aims to increase performance and quality, 
and also on the basis of the achieved values leads to conclusions and necessary changes in 
strategy. 

The company's strategies are important for the use of the BSC method. The strategies 
are as follows: set the direction in which the company will be oriented and the goals it should 
achieve. Then the company derives sub-goals and sets metrics according to which the 
evaluation of whether it is approaching the set overall and sub-goals, or how many she 
achieved. These metrics can also lead to financial evaluation of employees. 

Each company sets metrics individually, as they are based on its strategy and goals. If 
he chooses the wrong metrics, the BSC method may not work or may go wrong. BSC is used 
only in the very end. It cannot be used unless, for example, the company's strategy or goals 
are specified. The set of tools provided by BSC thus measures the company's performance 
using four perspectives (Fig. 1): 

— finance and financial indicators, 

— internal business processes, 

— customers, 

— learning and growth (innovation). 

Each measure should be an element of a chain of context that will lead to an increase in 
the company's financial performance. To understand an important aspect of BSC, namely its 
dynamism, it is necessary to be aware of the causality between different perspectives (Fig. 2). 

The BSC should report on a strategy that begins with long-term financial goals linked to 
a sequence of actions in financial and internal processes, in the areas of customer and 
employee care, in order to achieve long-term economic performance. In most companies, 
financial plans such as increasing tumover, reducing costs, reducing risk, or increasing 
productivity allow the necessary interconnection of all four BSC perspectives. 

Financial goals must play a dual role. They define the financial performance expected 
from the strategy and serve to evaluate the objectives and benchmarks of all other BSC 
perspectives. Financial goals can vary greatly in different phases of a company's life cycle. 
There are several types of strategies from which business units can choose. For simplicity, we 
list only 3 of them: growth, retention, and highest returns. 

As part of its internal business process, the company examines emerging or hidden 
customer needs and then, based on the survey, adjusts products or services to meet those 
needs. The second step of the basic internal value chain is the operational process. This 
process begins when products and services are already created and delivered to customers. 
The third main step of the internal value chain is customer service after the sale of a product 
or delivery of a service, such as fast service in response to a current failure and downtime. In 
the BSC customer perspective, companies identify customer and market segments. In the past, 
companies have focused on their internal capabilities and focused on _ technological 
innovation. If they did not understand the needs of customers in time, they were surprised by 
the competition, which came up with a more advantageous offer of products and services. 
That is why companies are trying to shift their interest to customers. 

In general, customers have different preferences and different ratings of product and 
service characteristics. The basic group of customer output measures is applicable to all types 
of businesses and includes the following: market share, customer retention, customer 
acquisition, customer satisfaction and customer profitability. 

The fourth and final perspective of the BSC develops benchmarks and goals that 
support learning and growth. The goals set in the perspectives of financial, customer and 
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internal processes determine where the company should achieve a breakthrough in 
performance. Objectives in perspective and learning are enabled in order to achieve the 
objectives in the previous three perspectives. BSC emphasizes the importance of investing in 
the future. And not just in traditional areas of investment, such as new equipment or research 
and development of new products. A company must also invest in its infrastructure - people, 
systems and procedures if it wants to achieve long-term goals. 

The three basic areas of the learning and growth perspective are: employee skills, 
information system skills, motivation and commitment. Perspectives make it possible to 
monitor not only financial results, but also how companies are able to provide the tangible 
and intangible assets needed for their growth and competitiveness; and how they create value 
for current and future customers and how the quality of human resources, systems and 
working methods that are necessary to increase future performance must be improved. 


Fig. 1 Perspective of Balanced Scorecard conception, Source: Horvath & Partners, 2002 


Fig. 2 BSC Perspective, Source: Horvath & Partners, 2002 


It is human nature to trust and pay more attention to hard factors (that is, to all variables 
that can be measured, calculated, or weighed) than to soft factors. However, the success of an 
organization does not depend only on hard factors. At least as strongly (if not even more 
strongly) the success of a company is determined by "soft" factors such as: image, employee 
satisfaction and the quality of the management system. 
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Balancing in relation to benchmarks means not only using quantitative, easily 
measurable indicators, but also causal, qualitative measurement systems. In recent years, there 
have been significant changes in the understanding of the needs of employees and their 
management. The image of an attractive employer again means a competitive advantage, 
especially in recruiting the best employees - the so-called high potentials - with high potential. 
The more important employees are in terms of strategy implementation, the more important is 
the connection of BSC with the employee management system. In most cases, employees are 
most important in the implementation of the strategy (Horvath & Partners, 2002). 

The effectiveness of the BSC increases with the degree of mutual integration with the 
employee management system: individual goals are agreed with the employees, which 
increases the level of personal commitment, strengthens their awareness of the need to 
achieve goals and responsibility. According to Kaplan and Norton (2005), the goal of each 
measurement system is to motivate managers and employees to successfully implement the 
strategy. Companies that are able to transform their strategy into a measuring system then 
implement this strategy much more easily. They can communicate their goals and intentions. 

The three basic principles of linking BSC benchmarks with strategy are: cause-and- 
effect relationships, performance drivers, and financial links. Building a new strategic 
management system, the framework of which consists of BSC, is its main goal of the project. 
The project is divided into two basic stages: Stage 1: building a basic BSC, as a strategic 
system for measuring company performance; the implementation period of the first stage is 4- 
6 months. Stage 2: use of the basic BSC as a framework for creating a new strategic 
management system. The implementation period is estimated at approximately two years. 

Grasse et al. (2010) formulated the implementation of the BSC method into the 
following seven steps: specifying specific objectives, setting indicators and plan of target 
groups, compiling a strategic map, deciding on perspectives, discussing and approving the 
results of previous activities, identifying strategic activities and expanding BSC. Horvath & 
Partner (2001) present four steps of implementing the BSC concept: 

Phase 1: creation of organizational preconditions for implementation - in this phase it is 
a matter of defining conceptual rules, which will later apply to all organizational units in 
which the BSC will be implemented. The perspectives of the BSC and the organizational 
units for which it will be created must be set out. In addition to the basic BSC perspectives, 
so-called above-standard perspectives can be selected. At this stage, it is also important to lay 
down rules concerning project management. This includes, among other things, determining 
the organization of the project, the progress of the project and the provision of information. 
BSC should be created for strategic business units, which should include all activities from 
the value chain. These activities are innovation, operation, marketing, distribution, sales and 
service. A strategic business unit should have its strategy, produce its own products and have 
its customers. 

Phase 2: Clarifying the Strategy - The BSC process begins with management teamwork 
and translating the strategy into specific strategic goals. Therefore, it is necessary that the 
company's strategy is clearly defined and known to all employees of the company. At this 
stage, therefore, the strategy must be clarified. The company should clarify its vision. Where 
he is heading and how he wants to be perceived. This is followed by an update of the strategy 
and an introduction to all levels of management with the strategy. 

Phase 3: creation of a BSC - after setting the organizational prerequisites and clarifying 
the strategy, a BSC can be created for a selected strategic business unit. In this phase, the 
following steps will be taken: specification of strategic goals - strategic goals can be 
considered those that are really important. They are the basis of the creation of the BSC and 
all the further steps for its creation are based on them. The strategy is concretized and 
strategic goals are assigned to individual perspectives. Each perspective should contain 4 to 5 
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strategic goals. Linking strategic objectives through a cause-and-effect relationship - Creating 
a cause-and-effect relationship is most often based on the objectives of the financial 
perspective, which are the first to be linked. Then it is good to ask the question: "What 
subordinate goals lead to the achievement of a superior?" Furthermore, the goals of the 
financial perspective are linked to the goals of the customer perspective, process perspective 
and learning and growth perspective. Selection of benchmarks - it is necessary to set financial 
and non-financial benchmarks for individual goals, by means of which we can monitor how 
the strategic goals are met. No more than two benchmarks should be set for each objective. 
Most of them should be quantitative, but it may happen that a qualitative measure is set. 
Setting target values for scales - a target value should be set for each scale. This should be 
challenging and difficult to achieve, but not unrealistic. Target values are set in the horizon of 
3 to 5 years. First, the value to be achieved over the entire time horizon is determined, and 
then it is broken down into target values for individual years of the time horizon. Finding 
strategic actions to strategic goals - Strategic actions must then be set for strategic goals, 
which are ways in which the company wants to achieve the fulfillment of strategic goals. For 
strategic actions, it is necessary to identify the persons who will be responsible for their 
implementation. (Kaplan and Norton, 2005) 

Phase 4: roll-out expansion process - in this phase, the creation of the BSC is extended 
from the selected strategic unit to other organizational units of the company. The procedure is 
the same as in phase 3. The roll-out process in a company proceeds in two directions. 
Horizontally, when business units are interconnected at the same organizational level, and 
vertically, when individual levels of BSC management are interconnected, it emphasizes the 
communication of the corporate vision to lower levels. Common goals, their evaluation, 
revision, creation and control lead to more open communication and force mutual 
cooperation. The BSC methodology thus leads to a mental unification of the company's 
management and employees over the vision, strategy and strategic goals. 

The BSC management method represents a thoughtful approach to integrating corporate 
know-how into a comprehensive management system. Just as this method is important for 
society as a whole, it can also be used to manage individual organizational units. Its principles 
are generally valid and it therefore depends on each organization how it implements its own 
BSC methodology and how it connects it with the existing strategy and uses the synergy 
effect. 

BSC means: clarification and transfer of vision and strategy into specific goals (through 
the company to organizational units and departments), thought unification of management and 
employees of the company in terms of visions, goals and procedures for achieving goals, 
implementation of the strategy as a whole, a comprehensive system for monitoring the 
company's performance, planning and setting goals, harmonization of strategic initiatives, 
communication and interconnection of strategic plans and benchmarks, ensuring 
measurability and updating the corporate vision and strategy, correcting the corporate strategy 
based on measuring the efficiency and profitability of key processes and the principle of 
feedback, improving feedback and the learning process. 

The novelty or rather today's topicality of the BSC method lies mainly in the fact that it 
forces managers to change their way of thinking and managerial procedures. Successful 
implementation of BSC can help eliminate a number of shortcomings that suffer from the 
management practice of many Czech companies. These are mainly three of them (Houser, 
2005). First of all: our companies often completely lack strategy, or have a formal character or 
it is not implemented in the end. Operative moments of management and unwanted 
improvisation get the word out. BSC allows you to break away from the operation and focus 
on key issues of long-term development and competitiveness. Second, managers tend to be 
"looking back." They do not pay adequate attention to the achieved results, which, moreover, 
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are not confronted with the goals. You can't drive according to the rearview mirror. The BSC 
methodology requires a windshield. In the BSC concept, the focus of managerial work 
becomes a corporate perspective. Thirdly, drowning is another ailment of Czech managerial 
practice in information details. Managers take a microscope rather than binoculars in their 
hands. The BSC forces decisions to be made comprehensively, in a long-term context and 
balancing goals. 

Management methods are deployed today more or less successfully. However, it is 
always necessary to think about the basic principles of the method and the benefits of its 
application for society. BSC is a tool for promoting strategic change. It is used to "turn the 
strategic helm" of the company. Thus, BSC is not a multi-year business plan focused on 
inertia and continuity, nor a fashionable term for operational reporting, for which this method 
is sometimes issued. We consider such BSC degradation to be inadequate. 


CONCLUSION 


The Western world considers project management knowledge to be the standard 
knowledge that every manager needs to have. The use of project management is a best 
practice that successful organizations use to ensure good competitiveness. If organizations 
want to succeed in the market, whether local, European or global, they must learn to use 
project management well. 
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Variants of Solution and Evaluation of FMEA in Practice 
Marian Bujna, Plamen Kangalov 


Abstract: Failure Mode and Effects Analysis (FMEA) is a model used to prioritize potential defects based 
on their severity, expected frequency, and likelihood of detection. An FMEA can be performed on a design or a 
process and is used to prompt actions to improve design or process. There is an uncertainty from manufacturers 
at present that the setting of criteria’s of FMEA is subjective. There is another problem in determining the 
priority of resolving failure modes. The paper provides various options for prioritizing failure modes. At the 
same time, the individual methods specify the parameters for calculating the Risk priority number (RPN). We 
achieve objectification of criteria’s for RPN calculation in FMEA. These are time-consuming and cost-effective 
designs. The proposed innovations are an extended RPN, including the creation of an extended FMEA and the 
use of the DEMATEL model. 


Keywords: Risk management, FMEA, Objectivization of criteria, Extended FMEA, DEMATEL 
INTRODUCTION 


Problems and defects are expensive. Customers understandably place high expectations 
on manufacturers and service providers to deliver quality and reliability (Polak et al., 2015; 
Pristavka et al., 2014, Korenko et al., 2015). 

Often, faults in products and services are detected through extensive testing and 
predictive modeling in the later stages of development. However, finding a problem at this 
point in the cycle can add significant cost and delays to schedules. The challenge is to design 
in quality and reliability at the beginning of the process and ensure that defects never arise in 
the first place (Kotus et al., 2019; Girmanova et al., 2017; Zithak et al., 2014). 

Industries dealing with the production and maintenance of machines have to be reliable 
in order to meet the market demand and maintain integrity. To achieve reliability of the 
functional working machines, FMEA suggests a structured procedure for preventing failures 
or to reduce the effect of their consequences. FMEA is used in preventative activities for the 
most important maintenance planning. However, the high-risk components must be inspected 
and maintained frequently rather than components with a lower risk (Alrifaey M. et al. 2019). 

The aim of the paper is to show different variations of the results of FMEA analyzes, 
the right prioritization before proposing actions. The second aim is to objectively determine 
the resulting RPN. 


MATERIALS AND METHODS 


1. To prepare the paper we used an example of a process with failures F1, F2, F3, F4 and 
F5. 
2. Creation of a classical conventional FMEA. 
- Identification of causes, consequences and determining the method of control. 
- Determination of severity of consequences, occurrence of failures and detection - 
according to IATF 16 949: 2016. 
- Calculation of RPN —-RPN=S.0.D 
Where: S -Severity, O — Occurrence, D - Detection. 
3. Prioritization by RPN. 
4. Prioritization by severity. 
5. Creation of extended FMEA. 
- Include costs and calculate new parameters S, O, D. 
- Calculation of extended RPN. 
- Prioritization by extended RPN 
6. Use of the DEMATEL method to specify severity. 
- Evaluation of the use of DEMATEL. 
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RESULTS AND DISCUSSION 


Classical conventional process FMEA (PFMEA): 

— the globally most widely used method for risk analysis in the production process, 

— the aim is to define possible failures in relation to functional requirements, to estimate 
the probability of occurrence of the causes of failures and their detection and to take actions 
for the most significant risks, 

— importance in quality management systems. 


Table 1 Basic information about process and failures 


Proces X Failure Nf IFC [€] WoC [€] 
Fl 200 10 20 
F2 30 20 40 
F3 20 20 30 
F4 20 30 40 
F5 5 200 280 


Where: Nf — number of failures, IFC — internal failure costs, WoC - no-casualty costs. 


Creating a process FMEA. The occurrence is determined based on the number of causes 
of the failures. The severity is determined based on the consequence of the failure. The 
detection is determined based on the control method. 


Table 2 Conventional FMEA — prioritization by RPN 


Failure | Cl | Consequences S Causes | O | Current process D RPN Cl 
Fl I Col 2 Cal 9 Cpl 5 90 I/II 
F2 U Co2 4 Ca2 3 Cp2 4 48 ll 
F3 Ul Co3 4 Ca3 2 Cp3 5 40 IV/V 
F4 IV Co4 5 Ca4 2 Cp4 4 40 IV/V 
F5 Vv Co5 9 Ca5 2 Cp5 5 90 I/II 


The classification based on the priority risk number is in the last column. 
This is a classic conventional evaluation based on RPN and the actions are taken according to 
the prioritization. The VDA approach is often focused on the severity of the failure 
consequence. The prioritization changes in this case as follows: 


Table 3 Conventional FMEA — prioritization by severity 


Failure Cl | Consequences S Causes O Current process D RPN Cl 
Fl I Col 2 Cal 9 Cp1 5 90 Vv 
F2 0 Co2 4 Ca2 3 Cp2 4 48 IO/TV 
F3 ll Co3 4 Ca3 2 Cp3 5 40 IO/TV 
F4 IV Co4 5 Ca4 2 Cp4 4 40 0 
F5 Vv Co5 9 Ca5 2 Cp5 5 90 I 


Here we can already see that failure F5 will be solved first, but the priority of solving 
failure F1 has changed, because it has high occurrence despite the minor consequence. Some 
manufacturers consider RPN as a cosmetic number. What matters most is how important the 
consequence is. 

Therefore, many practitioners require clarification of the individual FMEA criteria, as 
we can see the double interpretation brings uncertainty in serious decisions. 
Costs are very important for every manufacturer. If we include them in the FMEA, we can 
refine the determination of severity and thus reduce the subjectivity of the evaluation of these 
criteria. Nguen and Bujna are dealing with this (Nguyen et al., 2016; Bujna et al., 2019, 
Holota et al., 2016). 
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We can consider prevention costs, internal and external costs.Internal costs (IFC) were 
the costs of scrap, rework, retest, failure analysis, downtime and yield losses, etc. External 
costs (EFC) will not be considered in the study. They represent complaints to customers. If 
they existed, we would add them to the study. WoC represents "no-casualty costs" and are 
mainly in the form of complaints and _ handling these complaints. 
IFCs and WOCs are in Table 1. 

then: 

PO (occurrence probability of the mode) is based on the classical O (occurrence) 
parameter: 


BOS 2298 (1) 
10 10 


The PD (detection probability of the mode) is based on the conventional D (detection) 
parameter of the conventional PFMEA. In its determination there is already a significant 
difference compared to PFMEA. We calculate it according to the formula: 


(10-D) _ (10-5) 
9 


For SI (severity level of internal failure costs), we start from already mentioned 
internal costs (IFC) and their share in the minimum costs of FCmin. It should be added that we 
are talking about the costs that make up the smallest entry of all costs (IC, EC, SC) for all 
failures listed in the PFMEA. 

FCmin_ 10 

For SE (severity level of external failure costs), we start from the already mentioned 
external costs (EFC), in our case from WoC, and their share to the minimum costs of FCmin. 
WoC _20_4. ma 
FCmin 14 

If we do not take into account the full external costs, we do not take into account the 
probability of a casualty caused = 0. 

Final ERPN calculation for extended FMEA is calculated according to: 


PD= 


= 0,56 (2) 


1,0 (3) 


SE = 


ERPN = PO.ST.[ PD.SI +(1— PD ).( poc.SC +(1- poc ).SE 9) | (5) 
ERPN =0,9.2.[0,56.1,0+(1—0,56 ).(0.0+(1—0).0,5)] =3,68 
Table 4 Extended FMEA 
Failure Conventional FMEA - RPN Extended FMEA - ERPN 
S(ST) O D | RPN Cl. | PO PD SI SE | poc |ERPN Cl. 

Fl I 2 9 5 90 I/II 0.9 0.56 1 0.5 0 1.4 IV 
F2 Il 4 3 4 48 Ul 0.3 0.67 2 0.8 0 1.9 Ill 
F3 Ul 4 2. 5 40 IV/V | 0.2 0.56 2 0.6 0 1.1 
F4 IV 5 2 4 40 IV/V | 0.2 0.67 3 0.8 0 2.3 I 
F5 V 9 2 5 90 I/II 0.2 0.56 20 28 0 42.4 

Benefits 


— inclusion of the cost of materiality of the failure, 

— objectification of the severity criteria, 

— objectification of RPN, 

— time, cost, and human capacity saving. 

Another way to refine the results is to consider that one failure can cause multiple 
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failures. Also, we mean that there is an interaction between the failures. One failure can cause 
several other failures. We can use various analyzes. As an example, I will use the DEMATEL 
matrix (Tsai et al, 2017; Bujna et al., 2019). In our study, failures 1 and 5 are independent of 
other failures, but there is a relationship between failures 2, 3 and 4. The intensity of relation 
is in Table 5. 


Table 5 Comparison square of the DEMATEL method 


Numeral Definition 
0 No influence 
1 Low influence 
2 Medium Influence 
3 High influence 
4 Very high influence 


The team of experts involved in the creation of the FMEA assesses the 
interrelationships between failures (or causes of failures). 


Table 6 Step 1 - generating the direct-relation matrix (A) 


Index A Fl F2 F3 F4 F5 
F1 0 0 0 0 0 
F2 0 0 3 3 0 
F3 0 3 0 4 0 
F4 0 4 4 0 0 
F5 1 1 1 1 0 


Calculating the normalized direct-relation matrix (N). Use the column vectors and 


maximum values as the baseline for normalization (k). 


1 
i - (6) 
MAX, <i <p pa Xi 
N=k.A (7) 
Table 7 Use the column vectors and maximum values as the baseline for normalization 
XNi XNij A 
0 8 0.125 
6 
7 
8 
4 
Table 8 Step 2 - Normalized direct-relation matrix N 
Index N Fl F2 F3 F4 F5 
Fl 0 0 0 0 0 
F2 0 0 0.375 0.375 0 
F3 0 0.375 0 0.5 0 
F4 0 0.5 0.5 0 0 
F5 0.125 0.125 0.125 0.125 0 


We calculate the total relation matrix T. Matrix T is an n xn matrix and it is calculated 


as follows: 


T =lim(N+N’+...4.N* )=N.1-N) 


nao 


where I represent the identity matrix. 
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Table 9 Step 3 - Calculate the total-relation matrix 


Index N Fl F2 F3 F4 F5 
Fl 0 0 0 0 0 
F2 0 1.9091 2.1818 2.1818 0 
F3 0 2.4242 2.1515 2.4848 0 
F4 0 2.6667 2.6667 2,3333 0 
F5 0.1250 1 1 1 0 


We calculate the values in each row and column. We sum the values in each row and 
column in the total-relation matrix (T). We let D; be the sum of the i-th column and Rj be the 
sum of the j-th row. Thus, the D; and Rj values comprise both indirect and direct influences. 


n 
D: = iti +1,2,....0) (9) 
n a 
R=), st (i +1,2,...0) (10) 
Table 10 Summary of the prominence and relation 
D R D+R D-R 
0 0.1250 1.1250 -0.1250 
6.2727 8 14.2727 -1.7273 
7.0605 8 15.0605 -0.9395 
5.3334 5.6666 11 0.3332 
3.1250 0 3.1250 3.1250 
Average 8.92 0.13 
* |D-R 


ho 


Fig. 1 Relational diagram 

The division of causes of failures according to their significance: 

1. High prominence and high relation. Failure F4 is the actuating factors for solving 
problems. 

2. Low prominence and high relation. Failure F1 is relatively independent. 

3. Low prominence and low relation. Failure F5 is relatively independent. 

4. High prominence and low relation. Failures F2 and F3 are effect factors, and thus 
they cannot be directly improved. 

DEMATEL's results showed the need to include these results in determining the 
severity category S, as DEMATEL determined three errors of similar severity F2, F3 and F4 
with different meanings. 
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CONCLUSION 


The conventional FMEA method has several shortcomings. For instance, the severity 
(S), occurrence (O), and detection (D) indicators are discrete ordinal scales of measure; the 
calculation by multiplication is inappropriate and it ignores the relative importance between 
S, O, and D and assumes that they are assigned equal weight, which might not be true in 
practice. (Chang, Cheng, 2011). 

Therefore, the aim of the paper was to point out the possibility of specifying individual 
indicators. The paper shows various variations of the solution to this problem. 

Applying the extended FMEA analysis offers a refinement of the results of the 
conventional PFMEA, which has a significant effect on improving the quality of the resulting 
products, time savings, improving overall safety and, last but not least, reducing operating 
costs. We will mainly achieve the objectification of parameters for the creation of extended 
RPN. 

Applying the DEMATEL model will provide us with an overview of binding identified 
failures through their bonds. Failures are sorted by their bindings to other failures in the 
prioritization of whether they affect other failures more in proportion to how they are 
influenced by other failures. 
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Current Situation of Selling Telehandlers, Due To Ukrainian and 
Slovakian Markets Conditions 


Maksym Stankevych, Pavol Findura, Miroslav Pristavka, Volodymyr Kyurchev, 
Volodymyr Nadykto, Olga Urbanovicova, Vladimir Krocko 


Abstract: The main target is to explain the system of marketing sources of selling telescopic handlers due 
to the conditions of Slovakian and Ukrainian markets. The first part of this article consists of general 
information about handlers and the second part has an information about technical parameters and 
characteristics of telescopic handlers and also, analytical information about marketing opportunities in Slovakia 
and Ukraine. From available sources as Moreau Agri s.r.o and Agromax Group s.r.o, we analyzed the situation 
about sold Manitou on Slovakian and Ukrainian markets accompanied with needed images. The information, 
which included in this article, can help potential customers to choose the telescopic handler based on brand, 
price and technical parameters. During the research of the total amount of sold telescopic loaders in year 2019, 
we have found that there were 728 loaders sold in Ukraine and only 222 telescopic in Slovakian Republic. 


Keywords: marketing processes, Telescopic handlers, Slovakian market, Ukrainian market 
INTRODUCTION 


Today’s time is not only modem, but also rapidly changing. Every day we observe 
changes in the development of different types of production. We can see the same in the 
production of machinesin our situation telescopic loaders. 

Loaders, according to Abraham et al., (2017) are machines which designed for taking 
over materials, relocating, storing and transferring them. Due to NOVAK Michal. (2019) 
telescopic loaders it’s a multisector machinery whether in agriculture, construction and 
increasingly now in municipal sphere too. Telescopic loaders are known not only by 
performing a huge number of different types of work, but also by modernization the whole 
structure of human activities. Now, to do a small amount of work, we don’t need to work hard 
whole day any more, even when it’s rainy or freeze outside. Telescopic handler will need just 
few hours to do it operator work from a comfortable cabin with clean air from the air 
conditioning and listening music from the radio. It follows that development has paved the 
way for the improvement and modernization of farms and agricultural holdings, the 
construction, development of villages, small towns and metropolises. 

According to Vanék, A. (2003) telescopic loaders today perform more than 20 different 
tasks. That’s why sellers are constantly trying to promote and innovate their products in order 
to succeed in the market. That's why we have many different modifications of loaders, a 
number of work equipment and different types of adapters. 


MATERIALS AND METHODS 


To reach the target of this problematic, we need to use methods, which are based on 
defined and predetermined goals. To fulfil the goal, the work procedure was determined: 

— study of available professional domestic and foreign literature, use of knowledge 
acquired at the Technical Faculty in Nitra, use of magazines, websites, etc. 

— Selection of specific companiessellers, 

— obtaining company data through personal contacts with company directors and their 
employees, company websites, internal regulations, promotional materials and through the 
actual observation and analysis of the company. 

— Processing and analysis of the data obtained, 

— Processing and evaluation of marketing tools used by companies, 

— Graphic processing of sold manipulators for the year 2019 

— Graphic comparison of Manitou machine markets in Slovakia and Ukraine. 
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The following methods were used in this article: 

— Decomposition of units, their components 

— Analysis, 

— combining the components 

— Synthesis, 

— Logical consequence of thought reasoning 

— Deduction 

— Assessment of the strengths and weaknesses of the markets of Slovakia and Ukraine 

Analyzing will be made based on information from two companies in Slovakia and 
Ukraine, which both are dealers of telescopic handlers Manitou “Moreau Agri” and Agromax 
group”. 


RESULTS AND DISCUSSION 


To fully explain the current situation in selling telescopic telehandlers in Ukraine and 
Slovakia we should take a look deeply to the range of country, population and amount of 
agriculture land, Table1. 


Table 1 Main metrics of selected countries 


Ukraine Slovakian Republic 
Range of county 603 628 km? 49 035 km? 
Population 42 418 235 5 457 873 
Amount of Agriculture land 42,4 mln. ha 1,9 mln.ha 


So we can see, that all of mentioned points are totally different, that why it will be hard 
to clearly compare amount of sold machines and will be even harder to forecast the next 
selling seasons in these countries. 

First of all we need to say that, the "customer mentality" plays an important role in 
characterizing the sales process of machines in individual countries. The common feature of 
Slovakia and Ukraine is the conservatism of customers, which the seller must gradually 
acquire. On the contrary, if he has their trust, likely seller will have a long term customer. 


800 728 
700 - 


600 - 


500 - 
400 - 


222 


Ukraine Slovakia 


Fig. 1 Amount of sold telescopic handlers in Ukraine and Slovakia in 2019 


As you can see the results are really different. Mostly it’s because of mentioned metrics 
of selected countries and also because farms in Ukraine are larger and have more "land in one 
hand", so the number of machines needed to fulfill work plans is higher. Enterprises in 
Slovakia are smaller (a mediumsized enterprise has about 1500 ha), but they still maintain a 
high quality of products, so they need quality machines on their cooperatives. Producers of 
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telescopic handlers as Manitou, JCB, Merlo, Bobcat etc. meets all the requirements of presale, 
sale and aftersales, so that each customer gets the most suitable machine for their working 
conditions. 

The customer is different and conditions of work are different too. Sometimes we need 
telescopic handler just for 1 type of work, but mostly it does what it can and a bit more, that’s 
why each customer need to pay attention and go deeply to characteristics of each producer 
and type of machine. Now let’s take a look show how handlers are perceptually divided in 
selected countries. 
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wJCB 
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Fig. 2 Percentage contrast of different producers new machines, sold in Slovakia in 2019 


As we can see Slovakian market are mostly choosing Manitou machines, customers are 
sure that Manitou are one of the best producer of telescopic handler and based on practical 
refers are one of the best manipulator for working in such climate conditions as Slovakian 
Republic has. JCB and Merlo are also high in the list, the quality and power, which these 
manipulators has let them be still top 3. 
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Fig. 3 Percentage contrast of different producers new machines, sold in Ukraine in 2019 
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That’s the situation in Ukraine. The main player on Ukrainian market is JCB 35,9%. 
JCB has range dealers network. It invests in marketing a lot, exhibition and promotion of the 
machines. Second place has Manitou with 28,4%, that means, that Manitou is still fighting for 
the 1 place quality and long life period are one of big advantages of Manitou machines. The 
third one is Dieci last years they are fully hard pushing the market with their machines. Italian 
quality and good price are able to fight for the market percent with such a big player as JCB 
and Manitou. 


Fig. 4 Exhibition Grain Technology 2019, Kyiv 
To understand the market you should look not only to the new machinery but also used 
one, now I want to show you a table with all mentioned telescopic handlers (new and used 
one) of 2019 year. 
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Fig. 5 Amount of new and used telescopic handlers which were registered in Ukraine 
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From the customers references we can understand, that machine has long life period, but 
need to be serviced on time and only with original part, which are in comparing with Manitou 
costs 1020% more, what sometimes play a big role for customer. Manitou is on the second 
placeManitou has bring the first machine in Ukraine only in 2007, what’s make Manitou a 
really strong player. And Dieci they use the same tactic as at new machines, they have lover 
prices with good quality, cheaper spare parts and service. 
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CONCLUSION 


Based on the processed information, literature and cooperation with agricultural 
enterprises, we have made a survey of the Slovak and Ukrainian market of telescopic loaders 
by processing technical parameters and practical performances of loaders. The described 
machines were selected based on the farmer’s experiences and dealers recommendation in 
Ukraine and Slovakia. The sales situation of telescopic loaders in the two countries was 
compared. The situation analyzed not only with new but also used loaders. We have shown 
the representatives and compared the number of sold pieces of each of them. We discussed 
the reasons for the low level of sales of agents and described the situation in the markets of 
Ukraine and Slovakia. 

We take the issue of a representative's recommendation seriously, so we determine 
indicators as: service network, procurement and availability of spare parts. An important 
indicator is the environment where the telescopic loader will work and the industry of its use. 
When choosing a loader, the dealer would need to be familiar with this information in order to 
be able to select the most suitable machine for the conditions specified by the customer and to 
correctly recommend the required loader. Based on the processed analysis, we can 
recommend Manitou and JCB to customers in Slovakia, which are high quality and have large 
service support network. In Ukraine, we recommend Manitou, JCB and Dieci due to high 
working period, quality and a good price. 

Also we need to remember, that one of the best recommendation, its recommendation 
based on the own experience, so stay online on the market and communicate with farmers, 
that the best way to be informed as a first. 
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Influence of Cutting Speed to Vibrations and Roughness of 
Machined Surface during Turning 


Martin Barath, Jan Zitnansky, Hristo Beloev 


Abstract: This paper deals with influence of cutting parameters to vibration during turning of steel on 
metal lathe. We observed the effect of changing cutting speed to machine vibration and the quality of the 
machined surface. Cutting parameters was changed in five steps. We used piezoelectric accelerometer MMF 
KS78.100 to sense vibrations, data acquisition unit Adlink USB 2405 was used for recording and processing 
signals from accelerometers. Recorded signals were transformed by Fast Fourier Transform from time domain 
to frequency domain. Software Visual Signal DAQ Express was used to perform this transformation. 


Keywords: vibration, turning, cutting parameters, roughness, acceleration 
INTRODUCTION 


The theory of vibrations and chatter has been known for long time. However, new 
transducers and their improvements have occurred, as well as new possibilities in data 
acquisition and computing equipment, which make methodologies and approaches to avoid 
vibrations more reliable and suitable for industrial application (Kuljani¢ et al., 2008). 
Vibrations have negative effect to whole process of chip machining. Badiola et al. (2019) 
determine these problems: 

Chatter vibration is a common problem in almost all cutting operations which limits 
productivity of machining processes. Chatter vibrations cause poor workpiece surface 
finishing, premature tool wear, and breakage of cutting tools. Furthermore, due to this 
phenomenon, the machine tool life, reliability, and safety of the machining operation are 
affected negatively. Chatter vibrations have been researched for more than a century and it is 
still a major obstacle in achieving automation for most of the machining processes. 


MATERIALS AND METHODS 


For the purposes of our experiments we used measuring device which consist from 
accelerometers MMF KS78.100 connected to signal acquisition module Adlink USB 2405 
and PC with software Visual Signal DAQ Express. Block diagram of this device is shown in 
Fig. 1. 


MMF KS78.100 


ADLINK 
USB 2405 


MMEF KS78.100 


MMF KS78.100 


Fig. 1 Block diagram of measuring device 


Adlink USB 2405 

The USB-2405 shown in Fig.2 is a 24-bit high-performance dynamic signal acquisition 
USB module equipped with 4 analog input channels providing simultaneous-sampling at up to 
128 kS/s per channel. The USB-2405 also features software selectable AC or DC coupling 
input configuration and built-in high precision 2 mA excitation current to measure integrated 
electronic piezoelectric (IEPE) sensors such as accelerometers and microphones. The USB- 
2405 is USB bus powered and equipped with BNC connectors and removable spring 
terminals for easy device connectivity (Adlink, 2020). 
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Fig. 2 Adlink USB 2405 signal acquisition module (Adlink 2020) 


Accelerometer 

Piezoelectric accelerometers use piezoelectric material in their design to create a charge 
proportional to the mechanical stresses caused by acceleration. Piezo crystal charge is 
measured either directly by external electronics with a high input impedance value, or more 
often the internal sensor electronics converting the charge to a low impedance voltage output. 
The disadvantage of these accelerometers is that they cannot be used to measure frequencies 
below 0.1 Hz. One side of the piezoelectric material is attached to a solid sensor base. The 
part named as seismic mass is attached to the piezo-sensor. If the accelerometer is exposed to 
acceleration (vibration, shock), the generated force F, which acts on the piezoelectric element, 
will generate a charge, respectively voltage at the sensor output (Hudak, 2009). We used two 
accelerometers MMF Ks78.100 shown in Fig.3. 


Fig. 3 Accelerometer MMF KS 78.100 


Visual Signal DAQ Express software 
Visual Signal is a signal processing software developed to provide time-frequency 
analysis solutions in an intuitive way. The design eliminates the complicated ways of writing 
a program to produce visual process control components, and instead provides a variety of 
visual process control components to be utilized. This gives users the ability to create a 
presentation of their own ideas for analysis without the limitation of needing to be able to 
code it (http://www.ancad.com/VisualSignal/overview.html). 
Mitutoyo Surftest 301 
Mitutoyo Surftest 301 is a portable measuring instrument that allows you easily and 
accurately measure surface roughness. It performs roughness analyses conform to various 
international standards (EN ISO, VDA, ANSI, JIS) and customized settings. Display range: 
Ra, Rq: 0.01 um - 100 um; Ry, Rz, Rt, Rv, R3z, Rk, Rpk, Rvk, R, Rp, Rx, AR, W, Wx, Wte: 
0.02 um - 350 um; S, Sm: 2 um - 4000 um; HSC, Pc: 2.5/cm - 5000/cm; Ppi: 6.35 - 
12700/inch; de: - 350 um - + 350 um; Lo: 0.1 mm - 99999 mm; mr, Mr 1, Mr 2: 0 - 100 % 
sAl, A2: 0— 15000; 
(https://shop.mitutoyo.eu/web/mitutoyo/en/mitutoyo/$catalogue/mitutoyoData/PR/178- 
952-4D/datasheet.xhtml;jsessionid=C93 A6E5D8F47 1B473B5680F42FF833CE). 


he 


Agricultural, Forest and Transport Machinery and Technologies (ISSN: 2367— 5888) 
Volume VII — Issue 1, 2020 


Metal lathe TOS SUI 40-1 

Vibration measurements were performed on metal lathe presented on Fig. 4. 
Technical parameters of the machine: 

— Maximum turning diameter above support - 200 mm 

— Maximum turning diameter above the bed - 400 mm 

— Spindle passage - 56 mm 

— The maximum length of turning with chuck - 1000 mm 


Fig. 4 Metal lathe TOS SUI 40 
RESULTS 


As a specimen of the material for turning we used a shaft made from STN 11 600 steel 
with a diameter of 39 mm. During measurements we changed only cutting speed, keeping 
other cutting parameters unchanged. We changed cutting speed in five steps. Cutting 
parameters are shown in Table 1. 


Table 1 Cutting parameters 


Step number Cutting ide ed RPM [min] Peporcu! Feed [mm.rev!] 
[m.min™ ] [mm] 
1 13.72 112 0.5 0.09 
2 27.44 224 0.5 0.09 
) S15 450 0.5 0.09 
4 110.26 900 0.5 0.09 
5 137.22 1120 0.5 0.09 


In Fig. 5 is shown an example of vibrations during turning with cutting speed 13.72 
m.min’! and in Fig. 6 with cutting speed 137.22 m.min’! On Y-axis is acceleration of vibration 
an on X-axis is frequency of vibration. We measured vibrations on three parts of machine, on 
cutting tool upper graph, on tailstock middle graph and on spindle bottom graph in Fig. 5. 
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Fig. 5 Vibrations during turning with cutting speed 13.71 m.min™ 
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Fig. 6 Vibrations during turning with cutting speed 137.22 m.min'! 


o72. 


Agricultural, Forest and Transport Machinery and Technologies (ISSN: 2367— 5888) 
Volume VII — Issue 1, 2020 


Roughness of machined surfaces, created during turning with different cutting speed is 
shown in Table 2. 


Table 2 Roughness of machined surfaces 


Cutting speed [m.min“!] Roughness Ra [wm] 
13,72 4,35 
27,44 4,07 
55,13 3,53 
110,26 1,53 
137,22 1,48 
CONCLUSION 


In this paper we researched the influence of cutting speed on vibration and quality of 
machined surface during turning on metal lathe. We changed the cutting speed in five levels. 
From the graphs of measured vibrations and the measured roughness of the machined surface, 
it can be concluded that changing the cutting speed had significant effect to roughness of 
machined surface and vibrations. From Table 2 we can clearly see that increase of cutting 
speed from 13.72 m.min! to 137.22 m.min"! brought almost 3 time better quality of machined 
surface. On the other hand increasing of cutting speed brought increasing of level of 
vibrations. The most significant was increase of vibrations on cutting tool. It can be caused by 
the fact that cutting tool has many times smaller weight than spindle or tailstock. Also it can 
be caused by type of cutting tool clamping. For the future, it would be useful to research the 
influence of cutting speed in a wider range and in more levels. 
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Resistance Assessment of Materials to Abrasive Wear 
Martin Kotus, Jan Lilko, Plamen Kangalov, Juraj Balazi 


Abstract: This paper deals with the evaluation of the resistance of weld deposit materials to abrasive 
wear. Abrasive wear is one of the degradation processes of metallic materials. Intensive manifestation of 
abrasive wear is on the tools of agricultural machinery working in soil conditions (e.g. plow tine, etc.). We 
determined the relative resistance to wear on the basis of a tribological test defined by the standard CSN 01 
5084. For selected additional materials, we state the suitability of their use in conditions where abrasive wear 
prevails. By creating weld deposit on the working parts of the machines, it is possible to reduce wear and thus 
extend the technical life of the machines. 


Keywords: relative resistance, abrasive wear, additive material, weld deposit 
INTRODUCTION 


Agricultural machinery in operation is exposed to the various types of wear. Specific 
wear conditions cause imbalances in the service life of individual machine parts. This mainly 
applies to tools, which are exposed not only to the influence of the soil itself (type, grain size), 
but also to the chemical aggressiveness (pH, humidity). 

The wear mechanism is a complex phenomenon due to the connection with factors 
whose intensity of interaction depends on the working conditions in the environment in which 
the mechanical parts are used on the working parameters of the device and on the material 
properties of the contacting surfaces. (Zdravecka, 2011). 

The basic precondition for the prevention of degradation processes caused by abrasion 
is the appropriate choice of technical material intended for conditions with increased wear. 
The internal microstructure of the material is also important, which should withstand the 
dynamic influences and the action of external forces on the tillage tools. With increased 
dynamic stress, damage to the entire tool can occur due to the low toughness of the material. 
For this reason, it is possible to apply the abrasion-resistant layer only in the area of the 
greatest abrasive wear. (Novak et al., 2015; Votava et al., 2019). 

By creating the abrasion-resistant layer on the functional part of the tool, it is possible to 
reduce wear and thus extend the technical life of the agricultural machine. Use of weld 
deposit is the most affordable and economically advantageous way to reduce wear on the 
functional surfaces of the work tool. There are currently a large number of hardfacing 
materials with different mechanical properties on the market. 

It is possible to determine which additive material resists abrasive wear during the 
laboratory or the operational tests. The operational tests correspond to the actual operation of 
the agricultural machine in specific soil conditions. The laboratory tests can simulate 
operating conditions or define prescribed parameters that characterize certain material 
properties. 

The aim of the paper is to define the resistance of the selected additional materials used 
in welding to conditions of intensive abrasive wear. We evaluate the resistance of additional 
materials on the basis of measuring the hardness of welds and determining the relative 
resistance to the abrasive wear according to the relevant standards. 


MATERIAL AND METHODS 


We have selected five additional materials for laboratory testing, which are commonly 
available on our market. Selection of the additional materials was based on the achievable 
hardness of the created weld deposits stated by the manufacturer. We also took into account 
the chemical composition of the additional materials, especially the effect of carbon and 
chromium on the resulting structure of the weld deposit. Many authors (Bujna et al., 2013; 
Kalincova et al., 2016; Kovaé — MikuS et al., 2014) have concluded in their work that the 
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increased hardness of weld deposit has an effect on the increased resistance of materials to the 
abrasive wear. 

The hardness of HRC and the chemical composition of the materials according to the 
manufacturer are given in Table 1. Electrode E-B 518 is suitable for weld deposit functional 
surfaces resistant to wear while simultaneous impact stress. The Fluxofil 59 electrode is a 
tubular wire with a basic filling characterized by higher toughness and resistance to severe 
shocks and impacts. The rutile-basic electrode E-660 is suitable for weld deposit with medium 
resistance to compressive stress and metal-to-metal friction wear. The basic hardfacing weld 
deposit electrode Hard Fro 600 is suitable for functional surfaces resistant to the mineral 
abrasion and wear. The rutile-basic electrode HB 60 is resistant to medium wear due to the 
abrasion, impact and pressure. 


Table 1 Indicative chemical composition of electrodes and hardness HRC 


shales Pane Cc Cr si | Mn | Ni | Mo | Vv Ww ee 
E-B 518 a5. | 2900) Sis | Sis: = 7 7 54:58 
Fluxofil 59 077 | .20 ol 207 200 ll 2029s) <2 | 53259 
E-660 10. 45° | .05-| 15 z 7 = iz 55760 
Hard Fro 600 05 | 75 | 0.75 | 045 | — | 045 | 07 = 55257 
HB 60 {0 -45-1- 06-13 - = = 5s 55760 


HRC hardness measurement was performed in accordance with STN EN ISO 6508 - 
Rockwell hardness test with hardness scale C (diamond cone, loading force 1471 N). 

The suitability of the use of the mentioned electrodes in the conditions of the abrasive 
wear is determined on the basis of the standard CSN 01 5084 - Determination of the 
resistance of metallic materials against abrasive wear on a device with an abrasive cloth. The 
given standard for the calculation of relative resistance defines as a standard material - steel 
class 12 014.20. 

The conditions for the test itself were as follows: 


— friction speed - max. 0.5 m.s 

— transverse feed per revolution -3mm 

— diameter of the friction path - 480 mm 

— friction path length -50m 

— pressing pressure level - 0.32 MPa 

— abrasive cloth - Globus 100 

— sample length - 50 mm of diameter 10 mm 


The evaluation criterion for determining the resistance under laboratory conditions is 
the "relative resistance to the abrasive wear (Wabr.)", which is calculated according to the 
formula: 


Whe 
Wi, 


V opr. = 
(1) 
Where: Whe — average weight loss of standard test specimens, g 
Wn — average weight loss of test specimens of test material, g 
The creation of weld deposits and the tests themselves were performed in the laboratory 
conditions of the Department of Quality and Engineering Technologies at Faculty of 
Engineering at Slovak University of Agriculture in Nitra, Slovakia. 


RESULTS AND DISCUSSION 


The determined average values of weight loss, relative wear resistance and hardness of 
HRC are given in Table 2. A graphical representation of the detected values is shown in 
Figures 1 to 3. 


aw 
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Table 2 Measured and calculated average values when testing samples 


Electrode / weld Weight loss, g Wear resistance Wabr. Hardness HRC 
deposit 1st layer | 2nd layer | 1stlayer | 2ndlayer | 1istlayer | 2nd layer 
E-B 518 0.1466 0.1226 2.49 2.91 53.4 56.1 
Fluxofil 59 0.1129 0.1035 3.24 3.45 59.4 Sy ee| 
E-660 0.1389 0.1269 2.63 2.81 55.3 56.4 
Hard Fro 600 0.1829 0.1402 2.00 2.54 54.0 56.5 
HB 60 0.1805 0.1714 2.02 2.08 56.9 59.1 
Etalon 12014.20 | 0.3655 0.3566 1 1 20.4 20.7 


Based on the obtained data, we state that the highest relative resistance and thus the 
smallest weight loss were achieved by the Fluxofil 59 deposit in both methods of weld deposit 
formation. The lowest value of relative resistance was achieved by the Hard Fro 600 material 
with a single-layer weld deposit. HB 60 achieved the lowest relative resistance in the two- 
layer weld deposit. It should be noted that Fluxofil 59 and Hard Fro 600 had comparable 
carbon and chromium contents, but different molybdenum contents, with a certain nickel and 
vanadium content. 

For all tested additive materials, we recorded lower values of weight loss in the two- 
layer weld deposit. This is probably due to the different mixing of the filler material with the 
base material during welding deposit. It can be assumed that in the case of a two-layer weld 
deposit, the proportion of the additive material is higher than in the base material. 

By comparing the dependence between the weight loss and the hardness of the weld 
deposits, a different order of the additional materials can be seen with respect to the abrasion 
wear resistance. This is due to the percentage of individual chemical elements in the weld 
deposit metal structure. The influence of individual elements on the resulting microstructure 
of the created weld deposits is the subject of further research. 


Mistlayer 2nd layer 


Weight loss, g 


E-B518 —‘Fluxofil E-660 HardFro HB60 12014.20 
59 600 


Fig. 1 Weight loss of samples in 1- and 2-layer welding deposit 
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Fig. 2 Hardness HRC welding deposit 


The value of relative resistance to abrasive wear has a comparative significance not only 
between the additional materials tested by us, but also with the results of other authors. 
Votava et al. (2020) achieved a relative resistance Wabr=1.5+2.2 for electrodes with a basic 
coating. For electrodes with rutile coating, they achieved a relative resistance ywabr.=3.6. Kovaé 
et al. (2014) achieved values of relative resistance in the range of wabr.=1.5+1.7 when 
saturating the surface with boron. Muller et al. (2011) achieved relative resistance 
Wabr.=1.9+3.1 when monitoring martensitic deposits. And when monitoring ledeburitic weld 
deposits, it reached a relative resistance Wabr.=2.7+3.1. He evaluated the relative resistance of 
stellites as well, while reaching the relative resistance Wabr.=1.9+2.7. 


2nd layer 


1st layer 


0,00 0,50 1,00 1,50 2,00 2,50 3,00 3,50 4,00 


Wear rsistance Woy,» - 


Fig. 3 Relative wear resistance Wabr. 
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The laboratory tests against the abrasive wear have a significant comparative character 
between individual additional materials. The main advantage is the constant conditions during 
the entire test. The test can be one of the primary indicators of the suitability of a given 
material for use in the specific operating conditions, e.g. in the case of the abrasive wear. 
(Votava et al., 2020) 

Based on the testing of the samples, it is generally possible to state that with increasing 
hardness of the weld (from 1-layer to 2-layer weld) we achieved a reduction of wear in all 
weld deposits. Reducing weight loss in operation will result in greater resistance to the 
abrasive wear and thus longer service life of the tillage implements. 


CONCLUSION 


Agricultural machinery and their parts are exposed to the various degradation processes 
during operation. Each production organization is looking for different ways to reduce 
unwanted repair costs and extend the technical life of work tools. One possibility is to create 
functional layers on the wear-resistant surface tools. There are several ways to form the 
abrasion resistant layers on various tools of agricultural machinery, e.g. Kovaé et al. (2014), 
Ciéo et al. (2019), Kalincova et al. (2016). 

In this paper, we dealt with the assessment of the resistance of the additional materials 
to abrasive wear. We assessed the suitability of the use of additional materials on the basis of 
hardness and determination of the relative resistance to the use of individual weld deposits. 
The results obtained by the weld deposits tested by us are similar to those achieved by other 
authors in their scientific works. Therefore, we consider the given additional materials to be 
suitable for use in the formation of wear-resistant layers. 

By creating the abrasion-resistant layers, you can significantly extend the technical 
service life of the tillage parts of agricultural machinery. In the future, it is necessary to 
continue in this area of the research and constantly look for new ways to reduce wear and thus 
reduce operating costs. 
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